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America’s first missile family...scions of space technology 


Science and technology, especially as it relates to missile art, has advanced more rapidly in | 
the last five years than in the preceding five centuries. Any review of the many milestones successfully | 
attained since 1954 reveals an epic of hard work, inventiveness, accomplishment, and | 
single objective. This single objective—the achievement of operational weapon capability at the 
earliest possible date—is being realized. x Atlas, Thor, Titan, Minuteman, and the follow-on 
advanced space probe experiments are all demonstrations of the basic soundness of the 
U.S. Air Force’s concept of ballistic missile management. * Space Technology Laboratories is 
responsible for the over-all systems engineering and technical direction for these projects. 
The scope and magnitude of STL’s activities provides scientists and engineers unique professional 
opportunities. & Important staff positions are now available for those with outstanding 
capabilities in propulsion, electronics, thermodynamics, aerodynamics, structures, 
astrophysics, computer technology, and other related fields and disciplines. 
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MOntrose 2-0214, Cleveland, Ohio... and your ORDER 
WILL BE SHIPPED WITHIN ONE HOUR! Even 

our normal service is fast... every 
order shipped within 8 hours of 
receipt! And of course, every NBCo 
biochemical is the highest quality 
available commercially . . . at the 

lowest possible price! Yes, you 

get the BEST for LESS when you buy 
from NBCo... and you get DELIVERY 
when you NEED it! Why not call us the 
next time you need ANY biochemicals? 
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» Now ready! New enlarged second 
\ edition of one of the finest 
expositions of modern science! 


Banesh Hoffmann’s 


THE STRANGE STORY OF THE QUANTUM, only $1.45 


Reviewers raved over first edition! 


“Of the books attempting an account of the history 
and contents of modern atomic physics which come to 
my attention, this is the best. The captivating beauty 


of its prose, the ingenuity of its organization 
peculiar adequacy of its analogies entitle a 
of this book to such luxurious praise,’’ 
Prof. of Physics, Yale. 


and the 
reviewer 
Henry Margenau, 


‘‘A superb piece of expository writing. 
of unusual linguistic ability 
book,”” H. V. Craig, U. 
Magazine. 


It bears evidence 
truly an impressive 
of Texas, in Mathematics 


“Surprisingly 
ficult problem 


successful in its approach: to a very dif- 
regularly accurate, illuminating, and 


provocative,’”’ Chemical & Engineering News. 
“This book is not superficial it should be read 
by all who have a real desire to understand what is 


known about the atom and who discovered it,’’ New Tech- 
nical Books, New York Public Library. 


NEW DOVER BOOKS 


AS526. CULTURE METHODS FOR INVERTEBRATE 
ANIMALS, ed. by J. G. Needham. More than 190 fore- 
most scientists present 313 articles giving culture methods 
for all major inverterbrates from protozoa to chordata; 
equipment, collecting original stock, food enemies, en- 
vironment, reproduction, hosts, recording, etc. Completely 
indispensable to anyone doing biological research level, 
from high school to most advanced researcher, Classified 
bibliography of over 550 items. 97 illustrations. 614pp. 

Paperbd. $2.75 


AS524. PRINCIPLES OF QUANTUM MECHANICS, 
W. V. Houston. Thorough study, many worked examples 
in non-relativistic wave mechanics, elementary applica- 
tion. Schroedinger’s wave mechanics, applications to 
spectroscopy, collision problems, electrons in solids, elec- 
tromagnetic radiation. Corrected reprint of 1st ed. 294pp. 

Paperbd. $1.85 





AS541. THEORY OF FLIGHT, 
Fundamental fluid dynamics for subsonic speeds. Stresses 
both theory & practice, avoids formidable math., remains 
best background for general theory. Unabridged reprint- 
ing of 1945 edition, 408 illustrations. 635pp. 
Paperbd. 


Richard von Mises. 


$2.85 


AS537. ASTRONOMY OF STELLAR ENERGY AND 
DECAY, Martin Johnson. Unusual book divided into two 
parts, for layman and expert: steady stars, evolution, 
non-steady stars, luminosity, gravity, etc. ‘‘Recommended 
for both layman and student,’’ Sky & Telescope. 216pp. 

Paperbd. $1.50 





Only complete edition on the market! 


AS452. SOAP BUBBLES, THEIR COLOURS 
AND THE FORCES THAT MOULD THEM, 
C. V. Boys, 95¢ 


Long recognized by laymen and experts alike as 
one of the finest expositions of science, this book 
guides you lucidly through theory of liquid films, sur- 
face tension, capillary attraction, compound bubbles, 
drops, stretching bubble mercury bubbles, cylindrical 
and irregular bubbles, colored bubbles, film phenom- 
ena of light, and similar matters. The author de- 
scribes scores of experiments duplicable with mini- 
mal equipment, and tells how to make bubble frames, 
cat boxes, thaumatropes, tears of wine, and similar 
topics. Delightful reading, packed with information. 
Also important now that bubble phenomena are im- 
portant in theory of tension, cosmogony, theory of 
light, ete. This is the fullest edition ever printed, 
half again as large as other editions. Prof. Lewin of 
N.Y.U, discusses sources of supply, modern products 
suitable for bubble study, 83 illustrations, includ- 
ing full-color plate not in other editions. 202pp. 


AS452. Paperbd. 95¢ 
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When this book first appeared in 
siastically received. Dr. Hoffmann, 
Einstein at the Institute for 
vided the best account of 
on a non-technical level. 
developments has long 


1947, it was enthu- 
who had worked with 
Advanced Study, had pro- 
quantum theory ever presented 
A revision incorporating recent 
been in demand and Dover Publi- 
cations is happy to announce the readiness of a second, 
enlarged, up-to-date edition of this standard work. 

background to the quantum, Professor Hoffmann 
Hertz’s experiments which produced photo- 
and the various historical theories about the 
nature of light. He then proceeds to Planck’s great con- 
tribution to modern physics—the concept of the quantum, 
which marks the first breakthrough to our modern wnder- 
standing of the universe. He then discusses Einstein’s 
theory of photoelectricity, Rutherford’s and Bohr’s con- 





Re 








cept of the atom, Balme wave lengths, the Zeeman 
effect, Sommerfeld’s application of relativity to the Bohr 
atom, Pauli’s exclusion principle, electron spin, and 


similar topics. 


The second half of the book describes the modern enun- 





ciation of quantum theory, with Brogile’s contributions 
Heisenberg’s matrices, Dirac’s quantum mechanics, 
Schroedinger’s wave equation, and finally the unification 
of the various quantum theories. The remainder of the 
book is occupied with a description of the theoretical 
. 
AS529. THEORY OF NUMBERS, DIOPHANTINE 
ANALYSIS, R. D. Carmichael. Two books bound as 1. 
No background needed except good high school math. 
300 problems. 230pp. Paperbd. $1.35 


AS543. A 
CURVES, J. 
English; 
student. 
540pp. 


TREATISE ON 
L. Coolidge. 
detailed, 

Stresses 


ALGEBRAIC PLANE 
One of few full coverages in 

thorough introduction for advanced 
general curve; algebraic & geometric. 
Paperbd. $2.45 


First- 
matrices, in- 
equations of 5th order, 


AS547. ALGEBRAIC THEORIES, L. S. Dickson. 
rate introduction to more advanced works: 
variants, groups, Galois theory 






linear transformations, ete. Cl cal. Highly lucid. For- 
merly ‘‘Modern Algebraic Theories. ** 155 problems. 
325pp. Paperbd. $1.50 
AS534. TENSORS FOR CIRCUITS, Gabriel Kron. 
(Formerly Short Course in Tensor Analysis for Elect. 
Eng.) General methods, encompassing great variety of 
specific problems by few equations. New intro. by 
Banesh Hoffmann. Over 800 diagrams. 270 

Paperbd. $1.85 
AS525. THE ANALYSIS OF SENSATIONS, Ernest 
Mach. Classic packed full of hard-to-find experiments, 


observations in optics, acoustics, 
etc. Sensations of color, illusions, perception, time sen- 
sation, etc. Mach was remarkably keen observer, with 
knack of seeing something new & unusual in material 
others considered exhausted, 5th enlgd. ed. New foreword 
by Dr. T. S. Szasz. 58 illust. 412pp. Paperbd. $1.75 


physiology, psychology, 


AS528. CHESS STRATEGY, Edward Lasker. Perhaps 
best book ever written for beginner & expert; Keres, Fine 
learned from it; Capablanca called it the finest book in 
the language. Unusual in stressing ideas, understanding, 
rather than brute memorization, Unabridged reprint of 
revised 2nd ed. with new intro. 167 illus. 290pp. 

Paperbd. $1.50 


AS498. MATHEMATICAL PUZZLES OF SAM LOYD, 
ed. by Martin Gardner. Foremost American Puzzle-maker, 
represented in 117 posers; 120 illustr. Full solutions. 
187pp. Paperbd. $1.00 


AS503. ILLUSIONS & DELUSIONS OF THE SUPER- 
NATURAL & THE OCCULT, D. Raweliffe. Discussion, 
explanation of hundreds of beliefs, practices: voodoo, 
haunted houses, stigmata, telepathy, levitation, polter- 
geists, illusion-producing drugs, etc. Rational, fair in 
approach. Pref. by Julian Huxley, 55lpp. Paperbd. $2.00 


AS504. ADVANCED CALCULUS, E. B. Wilson. Fund- 
amental, middle-level work; partial differentiation, com- 
plex numbers, vectors, infinite integrals, differential equa- 
tions, functions of complex variables, ete. More than 
1300 exercises. 575pp. Paperbd. $2.45 


AS502. THEORY OF FUNCTIONALS, V. Volterra. 
lst systematic treatise; no previous knowledge needed. 
Biography, bibliog. of Volterra. 266pp. Paperbd. $1.75 


AS8!. PRINCIPLE OF RELATIVITY, A. Einstein. 
Lorentz, Minkowski. 11 basic papers, translated, edited 
by Semmerfeld. 224pp. Paperbd, $1.75 


and experimental background for subatomic particles and 
their implications in the understanding of matter. 


A new 48-page postscript covers developments up to 
1958, with ‘‘magic numbers,’’ Aage Bohr’s fusion of 
shell and collective models of the atom, the Lamb shift. 
Bethe and Kramers’s work, Feynman’s world lines, theory 
and observation of antimatter, the concept of parity, and 
the destruction of parity. 


This is most unusual in conveying simply, with no mathe 
matics at all, a very difficult, very profound area of human 
thought. The author's unique gift for analogy and ex- 
ample conveys even the most abstruse speculations in con- 
crete language that any intelligent reader can follow. 
Experts and beginners alike find this book useful. It is 
an exciting account, filled with a sense of drama, with a 
feeling for historical development. It will render the x 
pert’s thought clearer, by putting theory into wor nd 
will give the layman a first-rate, accurate sinderstandiity 
of an important area in modern science. 


THE STRANGE STORY OF THE QUANTUM by Banesh 
Hoffmann, Dept. of Mathematics, weer — 2nd 
enlarged ed. Postscript to 1958. xi + 2 

AS518. a $1.45 





AS170. SYMBOLIC LOGIC, C. I. 
ford. 2nd revised edition of 


Lewis, C. H. Lang- 
important work. 512pp. 
Paperbd. $2.00 


AS377. FOUNDATIONS OF PHYSICS, R. B. Lindsay, 
H. Margenau. Bridge between semipopular & technical 


treatises. Methods, construction of theory, symbolism, 
space-time, mechanics, continua, electron theory, relativity, 
quantum, ete. ‘‘Unreservedly recommended,’”’ NATURE. 


549pp. Paperbd. $2.45 
AS372. FOUNDATIONS OF SCIENCE: PHILOSOPHY 
OF THEORY & EXPERIMENT, N. R. Campbell. Ideas 
behind philosophy of science: law, measurements, proper- 
ties, use of number, ete. ‘‘A great feat to put together 
a book with so much fresh thought,’’ F. Andrade 
NATURE. 578pp. Paperbd. $2.95 


ASI13. PHYSICAL PRINCIPLES OF QUANTUM 
THEORY, W. Heisenberg. Semipopular account; math. 
appendix for experts. 192pp. Paperbd. $1.25 


AS267. SPACE-TIME-MATTER, H. Weyl. Based on 
classical space-time before absorption of relativity. ‘“The 


standard treatise on the general theory of relativity,” 
NATURE. 348pp. Paperbd. $1.75 
AS2. EVOLUTION OF SCIENTIFIC THOUGHT 
FROM NEWTON TO EINSTEIN, A. d’Abro. Special, 


general 
terms. 


theories of relativity 
Riemann, Weyl, 


non-technical 
482pp. 
$2.00 


analyzed in 
Planck, Eddington, etc. 
-aperbd. 


AS370. CALCULUS REFRESHER FOR TECHNICAL 
MEN, A. A. Klaf. 756 key questions, detailed answers 
cover integral, differential calculus; stress on practical 
situations; engineering, physics, etc. Also 566 problems, 
half with solutions. 435pp. Paperbd. $2.00 


AS37!. TRIGONOMETRY REFRESHER FOR TECH- 
NICAL MEN, A. A. Klaf. 913 questions, detailed an- 
swers, thorough coverage of plane, spherical trig, ap- 
plications to science, engineering. Also 1738 problems, 
half with solutions. 639pp. Paperbd, $2.00 


Dept. out Publications, Inc. 180 Varick St., 
New Yor' 
Please i me the ‘following books in gas quanti- 
ties indicated: (give key number, price 


Dover 
14, .N, 


I am enclosing $.....---.. in full payment. Payment 
in full must accompany all orders except those from 
libraries or public institutions. Please add 10¢ per 
book to your remittance for postage and handling 
chayges on orders less than $5.00. Please print. 
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Letters 


The Earthworm Theory 


For partly personal reasons I would 
like to take mild exception to Morris 
M. Leighton’s recent letter [Science 130, 
106 (1959}] expressing regret that the 
“revolutionary new concept of the ice 
age,” as it was put in the newspapers, 
was put in the newspapers, partly be- 
cause of a sort of unofficial wink from 
the editorial pages of Science [128, 1290 
(1958)]. 

Not that I completely agree with 
the concept, which says that glacial 
till was dumped from icebergs floating 
on a vast periglacial lake, nor will I 
agree with the newspapers, since the 
“revolutionary new concept” dates 
back at least to Lyell (1835). On the 
other hand I’m sure everyone will 
agree that valuable service was ren- 
dered. 

That is, by instilling precious doubt 
into the public mind, you automatically 
lend credence to another theory for 
the origin of the so-called glacial de- 
posits, the Gigantovermiculous Copro- 
lite theory, of which I happen to be 
the author. 

My theory, which I now plan to en- 
tertain before the AAAS and have you 
preview on the editorial pages of Sci- 
ence, suggests that instead of having 
glaciers, which is a rather old scheme 
anyway, the Temperate Zones were 
periodically invaded by a slithering 
horde of earthworms. By a perfectly 
ordinary process of ingestion at one 
end and outgestion at the other, these 
animals ate solid rock and reduced it 
to a mixed, pulverized deposit merely 
by the work of their gizzards. 

Major evidences for the earthworm 
theory are the widespread occurrence 
of the coprolite and the small scratches 
or striations common on surfaces of 
included pebbles. The latter are incor- 
rectly attributed to grinding within the 
basal glacial ice; they are of course 
strain lines (striae strainus), indelibly 
etched as a natural consequence of the 
efforts of these little creatures to rid 
themselves of their gravelly excrement. 
Stones too large to swallow also show 
evidences of their gnawing appetites. 

I shall now attempt to show that my 
theory is at least in the same realm 
of credibility as the iceberg theory, 
physicists notwithstanding. As I un- 
derstand the theory, our Kansan and 
Illinoian deposits, plus some others, 
were left by icebergs floating on a vast 
glacial marginal lake occupying a crustal 
depression formed by the weight of the 
single glacier. We might remark that 
these deposits form the surficial copro- 
lite (till, lyell) over the southern half of 


Iowa, the northern half of Missouri, 
and parts of Indiana and Ohio and a 
few other states. Then, 

1) Where are the beaches? Such a 
big lake should surely have beaches. 
Look at Lake Agassiz. 

2) Likewise where are the deltas? 
Likewise big lakes have them, likewise 
Lake Agassiz. 

3) Why were the icebergs so gener- 
ous, widespread, and uniform in their 
deposition, or were they immune to 
wind? 

4) If the tops of individual deposit- 
ed heaps were planed off by wave ac- 
tion, why no sorting or stratification of 
resulting fill? 

5) Or if the clayey gumbotil layers 
are taken as stratification, how does 
one explain the lack of carbonates, the 
high quartz-feldspar ratio, the morpho- 
logic similarities to modern soil pro- 
files? 

6) Why should the unweathered 
coprolite (till, lyell) be so hard you 
can hardly dent it with a spade? Ac- 
cording to competent soil engineers 
such as myself it shows preconsolida- 
tion, usually attributed to the weight of 
the ice. (Actually, of course, it is 
caused by the violent duodenal contrac- 
tions of the earthworms.) 

7) Where are the aqueous fossils, 
besides British Columbia? 

In this last connection I must admit 
that the earthworms left no fossils either 
However, there is a logical explanation 
for this, and for the multiple deposi- 
tion. 

First we may reasonably conclude 
that continued eating and recycling of 
stones would inevitably reduce them in 
size, as indicated by the strain lines. If 
we assume that the earthworms select- 
ed larger stones and force-fed them- 
selves with their tails, it is not unlikely 
that as stone diameters decreased, the 
earthworms inadvertently wrapped all 
the way around and literally met their 
ends and eliminated themselves. 

Successive waves of 
might rediscover the land, but they 
would have to dig deep and find new 
stones. In this connection one may 
note that the European nomenclature 
for the Wisconsin stage is already di- 
vided into Wiirm I, Wiirm II, Wiirm 
III, and so on. What more can we ask, 
except that they learn how to spell? 

There are other questions I could 
ask of the iceberg theory, but at the 
expense of paying attention to my own. 
I believe I shall now retire and await 
the arrival of the reporters and photog- 
raphers. Profile shots only, please; ! 
hate to look so much like Tyrone Power. 
Ah, science! 

R. L. HAnpy 
Iowa State University of 
Science and Technology, Ames 
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Taxonomy of Research 


October 9 was the publication date for Symposium on Basic Re- 
search, the report of a symposium held last May under the joint 
auspices of the Alfred P. Sloan Foundation, the National Academy of 
Sciences, and the AAAS. The very title of the symposium raises the 
problem of the meaning of the term basic research. Trouble starts 
when someone asks for a definition, for while one person can define 
basic research, two are likely to disagree. 

This situation arose at the Symposium on Basic Research. Various 
definitions were offered; all were objected to. It soon became apparent 
that it would be very difficult to frame a definition on which all 
could agree. Some participants thought the effort was worth while and 
should be made; others took the position that the difficulties were too 
great. The latter attitude prevailed, and the effort was dropped. 

The discussion reminded us of an article in the Research Review 
of the South African Council for Scientific and Industrial Research, 
and sent us hunting back to the June 1958 issue in which G. M. 
Dreosti optimistically wrote that “it is high time that definitions be 
agreed upon among scientists, and officially adopted,” and in justifica- 
tion of the need, cited this list of terms: “academic research, ad hoc 
research, applied research, basic research, borderline research, devel- 
opmental research, directed research, experimental research, theoreti- 
cal research, exploratory research, industrial research, non-directed 
research, pot-boiling research, pure research, technological research, 
long-term research, short-term research,” and added that there were 
many more. 

This is a forbidding list if one attempts to distinguish each term 
from all the others. But the list is useful, for it st wws clearly that 
the terms differ along several dimensions. Perhaps some day an admin- 
istrative Linneaus will bring taxonomic order into the array. Perhaps 
a semantic factor analyst will develop a multidimensional classification 
in which each kind of research fits neatly into its own proper pigeon- 
hole. 

Perhaps more likely is the dismal possibility that the word re- 
search will become useless. H. K. Nason recently wrote in the Bulletin 
of the American Society for Testing Materials, “In words we have 
discovered a fertile area for application of our national mania of 
faddism, and already many useful old friends have met the ultimate 
fate to which faddism always leads—exhausted oblivion. Research 
is the latest discovery of the word hucksters, and already this vener- 
able and useful old term is being sucked dry.” There is little protection 
from the word hucksters, but scientists themselves need not be guilty 
of using all the variants on Dreosti’s list. As C. V. Kidd pointed out 
in Science (13 Feb. 1959) there are two major reasons for distinguish- 
ing between basic research and applied research (we can get along 
without the other terms): In explaining basic research to nonscientists 
precise definition is not needed to convey “a sense of the nature of 
basic research, a feeling for its importance, and an appreciation of 
the motives and working conditions of scientists.” In budget classifica- 
tions so many other factors are involved that common consent or 
some arbitrariness of definitions must be relied upon, but surely a 
short list of terms is sufficient. . 

Instead of futilely trying to define a long list of terms, the better 
counsel would seem to be to relax about definitions and to con- 
centrate on the quality of the research, regardless of its setting or 
purpose. This suggestion makes us note that “good research” was 
not on Dreosti’s list. Don’t ask us to define that one either.—D.W. 
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Current Trends in Linguistics 


Though not a predictive science, linguistics has 
developed effective descriptive and historical methods. 


The aim of the present discussion is 
roughly threefold: to distinguish the 
characteristic subject matter and meth- 
ods of linguistic science, to discuss a 
few of the analytic concepts and sub- 
stantive results of linguistics which are 
likely to be of interest to the nonlin- 
guistic scientist, and, finally, to indicate 
certain recent developments, some of 
which concern areas of interdisciplinary 
interest which give promise of ultimate 
expansion into major subfields either of 
linguistics itself or of related sciences. 

All disciplines are concerned in some 
fashion or other with linguistic prob- 
lems. This is so with respect to fields as 
diverse as the natural and behavioral 
sciences, mathematics, history, and such 
humanistic pursuits as the study of lit- 
erature. This is perhaps most readily 
evident in the last named instance, since 
the very data of literature are exclusive- 
ly linguistic in nature, consisting of a 
certain body of written, or, in the case 
of folklore, of unwritten verbal materi- 
als. In the social sciences, likewise, there 
is a body of verbal behavior which is, 
however, not the exclusive subject mat- 
ter of these sciences. In law, for ex- 
ample, there are written and unwritten 
constitutions, statute law, the records of 
past judicial decisions, and other ma- 
terials, all of which are presented to the 
investigator as a corpus of concrete lin- 
guistic data. There are likewise the non- 
verbal acts of the criminal assaulting 
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the victim or the condemned man being 
led to prison. The meaning analysis of 
verbal documents is therefore a task of 
the student of law as well as the rela- 
tion between verbal and nonverbal acts. 

Since only man speaks, the natural 
scientist does not include verbal behav- 
ior among the observational data of his 
science. This does not mean that the 
physical scientist does not share with 
other investigators a certain degree of 
preoccupation with linguistic matters. In 
all sciences hypotheses and results of 
observation can only be stated and com- 
municated by means of a symbolic sys- 
tem, whether by natural language, in 
this case generally modified in certain 
respects (for example, through a tech- 
nical terminology), or whether by a 
supplementary symbol system whose ele- 
ments are ultimately defined in terms of 
natural language. The key role of this 
linguistic factor leads, in discussion of 
methodological problems, to an analysis 
of the language of science itself. Similar 
considerations obviously apply to the 
logico-mathematical disciplines and to 
analytic philosophy in which problems 
of metalogic and metamathematics are 
in large measure questions regarding 
the language of logical and mathemat- 
ical statements. 

Language, then, enters as a factor 
into all areas of the scientific enterprise. 
There is, however, one science, lin- 
guistics, which, as its very name implies, 
takes language as its primary object of 
investigation. Linguistics, however, dif- 
fers from all other sciences not only in 
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the centrality of its interest in language 
but also in the manner in which this 
subject matter is approached. All other 
sciences, insofar as they are concerned 
with language, are concerned with the 
specific content, that is, the meaning, of 
what is expressed in language, and this 
in a restricted fashion depending on its 
subject matter. Linguistics takes as its 
unique subject matter the structure of 
linguistic systems as such. Of course, 
linguistics, like any other science, is also 
interested in the language of its own 
subject, for example, problems of the 
terminology of scientific linguistics. In 
this aspect it does not differ in principle 
from any other science which deals with 
a subject matter other than language. 

The two main fields of linguistics as 
traditionally practiced are descriptive 
and historical linguistics or, as they are 
frequently called, synchronic and dia- 
chronic. In the former, languages are 
studied as systems functioning in a single 
speech community at a single time, and 
in the latter, under their dynamic aspect 
of change through time. Although lan- 
guage descriptions are presupposed by 
historical linguists in that different time 
states of the same language or differ- 
ent languages which have issued from 
the same historical source (related lan- 
guages) can only be compared after 
they have been described, it was the 
historical branch under the older name 
of comparative philology which first 
emerged as a science, at the turn of the 
19th century. It was only in relatively 
recent times, roughly from 1920 on- 
wards, that the problem of synchronic 
language description—the nature and re- 
quirements of an adequate description 
of a language—ceased to be taken more 
or less for granted and became a center 
of theoretical interest. A number of ap- 
proaches which first emerged at about 
this time, and which have been called 
structural, all have in common an inter- 
est in interrelationships within a struc- 
ture functioning on a single time plane, 
in contrast with the historical interests 
which predominated in the 19th cen- 
tury. This development within linguistics 
is doubtless to be viewed as related to 
similar contemporary movements in 
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neighboring fields, notably Gestalt ap- 
proaches in psychology and functional- 
ism in cultural anthropology. 

The clear separation of synchronic 
and diachronic aspects is characteristic 
of linguistics as a science. This is pos- 
sible because the rate of change in lan- 
guage is slow. Most of us probably have 
the impression that English has not 
changed in our own lifetime. On further 
reflection we will probably recall expres- 
sions which have become current in re- 
cent periods which did not exist earlier, 
or items which are no longer in active 
use. We will not have noticed, for ex- 
ample, the far slower drift in the pro- 
nunciation of certain sounds, a realm of 
linguistic events of which we are far less 
conscious than the use and meaning of 
words. As small as the changes in a 
language appear to be over a single life- 
time, the accumulative effect becomes 
very considerable over a longer period. 
Thus we have to learn Anglo-Saxon, 
the form of English as spoken, say in 
the 11th century, as a foreign language 
which seems to be roughly as strange 
as German. 

In describing a language for a given 
time period the linguist makes the as- 
sumption that the change in the speech 
of his informant during this time is 
negligible so that the system can be 
studied as an isolate, much as the as- 
tronomer studies the solar system as a 
system, disregarding the gravitational 
attraction of the stars. The description 
of a language obviously involves at least 
two levels, the phonetic and the gram- 
matical. In the former we deal with the 
organization of the sound into units. In 
the latter we are concerned with the 
rules governing sequences of meaning- 
ful combinations of such units, for ex- 
ample, words or the smaller meaningful 
components of words known to the lin- 
guist as morphemes. 


Phonemic Theory 


The basic unit of that part of lin- 
guistic description which deals with the 
sounds of the language is the phoneme, 
the principle of which is foreshadowed 
in the prescientific invention of alpha- 
betic writing. The nonlinguist so takes 
for granted the type of analysis into 
individual sound units which underlies 
alphabetic writing that he is unlikely to 
realize that there is a complex set of 
theoretic assumptions involved. He tends 
to believe that alphabetic writing sim- 
ply renders each different sound by a 
different letter symbol. In fact, however, 
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there are sound variations of which the 
naive speaker is generally unaware. For 
example, the average speaker of Eng- 
lish, untrained in phonetics, is unlikely 
to have ever noticed that the sound 
spelled ¢ in stop is unaspirated as com- 
pared with the aspirated t of top. But 
this difference is sufficient to distinguish 
separate forms in Chinese, Hindustani, 
and many other languages. If we ap- 
proach another language naively we will 
respond only to those cues which are 
significant in our own language. On the 
other hand we will attribute significance 
to those differences which have a func- 
tion in our own language whether they 
have a function in the language we are 
describing or not. Thus an untrained ob- 
server will arrive at essentially the same 
sound system for any language he de- 
scribes and two untrained observers with 
different backgrounds will describe the 
same foreign language in different ways. 
Nor will phonetic training in itself over- 
come this difficulty. The ability to dis- 
criminate many sound differences not 
significant or not even present in one’s 
own language is a necessary but not suf- 
ficient condition for success. In the pre- 
structural period of descriptive linguistics 
the tendency became more and more 
prevalent, in the name of a naive em- 
piricism, to transcribe phonetically in 
an attempt to reproduce as accurately 
as possible the actual sounds, thus pro- 
ducing what, from the point of view of 
the structure of the language studied, 
was an ever-growing mass of irrelevant 
detail. The use of instrumental phonetic 
apparatus hastened the realization that 
this type of analysis was a cul-de-sac, 
for it became apparent from such re- 
cordings that in the sound wave itself 
not even two repetitions of the “same” 
utterance in the same language are ever 
physically identical. 

A fundamental assumption of lin- 
guistic analysis is that a phonetically 
trained observer will be able to distin- 
guish those differences of sound which 
are functional in a given language. It 
seems plausible to assume that any sound 
distinction employed in a speech com- 
munity will be fairly gross from the 
articulatory and perceptual point of 
view. Along with these distinctions the 
trained linguist will also note many oth- 
ers which will later turn out to be ir- 
relevant. Since, however, he cannot know 
a priori which particular features of an 
utterance will be significant, he must be 
prepared to indicate them all at the be- 
ginning in what is known as a phonetic 
transcription. 

In order to discover which of these 


sound differences are distinctive in the 
language investigated, several analytic 
principles are employed. One of these 
is that known as complementary distri- 
bution. By the distribution of any sound 
we mean the set of environments in 
which it occurs. For example in “stop 
the music!” the environment of the ¢ is 
“s op the music!” To say that two sounds 
are in complementary distribution is to 
say that we have discovered a rule con- 
cerning the environments of each which 
show that these are mutually exclusive. 
Assuming that the linguist describing 
English has noted the difference be- 
tween the aspirated t of top and the un- 
aspirated t of stop, further observation 
leads him to the hypothesis, never con- 
tradicted by later observations, that the 
environments of unaspirated ¢ are all 
characterized by an s before the blank 
and those of aspirated t by never hav- 
ing an s before the blank. The environ- 
ments are therefore mutually exclusive 
and the two sounds are in complemen- 
tary distribution. Such variant sounds 
grouped as members of the same pho- 
neme are called allophones. 

The principle of complementary dis- 
tribution is, however, not sufficient, as 
will be evident from further considera- 
tion of the example of aspirated and un- 
aspirated t. Since it is also true that p 
(as well as certain other sounds) ex- 
hibits a parallel variation, that is, only 
unaspirated p occurs after s (as in spin, 
as opposed to the aspirated p of pin), 
this unaspirated p whose environments 
all contain an s immediately before p 
will likewise be in complementary vari- 
ation with aspirated t. If we rely on 
complementary distribution alone, we 
have no way of choosing between un- 
aspirated p and unaspirated ¢ as the co- 
allophone of aspirated t. If we choose 
both, then unaspirated p and unaspirated 
t will become members of the same 
phone as aspirated t and therefore coal- 
lophones with each other. But of course 
they are not in complementary distribu- 
tion and so cannot by this same rule be- 
come allophones of the same phoneme. 
This example shows that an uncondi- 
tional rule, stating that two sounds which 
are in complementary distribution are 
allophones of the same phoneme, leads 
to an undesired result. The same allo- 
phone will belong simultaneously to 
different phonemes, so that an unam- 
biguous conversion of allophones to 
phonemes becomes impossible. 

It is clear, then that another factor 
must be considered, namely, phonetic 
similarity. We match the unaspirated p 
of spin with the aspirated p of pit rather 
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than with the ¢ of ten, although it is in 
complementary distribution with both. 
Although in this particular instance the 
choice is obvious, phonetic similarity is 
under certain circumstances a vague 
criterion. Can we always say that a par- 
ticular sound a is more or less similar 
to two other sounds b and c? 

The solution first arrived at by lin- 
guists of the so-called Prague School 
(1), and now quite generally accepted, 
runs somewhat as follows. Every sound 
is characterized by a set of simultane- 
ous features, features some or all of 
which recur in other sounds in other 
combinations. For example, the English 
b sound has, among other features, that 
ot bilabiality (being formed by articu- 
lation of both lips), stop closure, and 
voicing (vibration of the vocal chords). 
We then set up the requirement that all 
the allophones of the same phoneme 
have a set of features ‘n common which 
are unique and separate it from every 
other phoneme. These features consti- 
tute, in effect, a definition of the pho- 
neme in question. Features which do 
not figure in this definition are irrele- 
vant. Thus, aspiration in the case of 
aspirated and unaspirated ¢ is irrelevant 
but dental articulation is relevant for ¢ 
since it is common to all the allophones 
and is not found in any of the allophones 
of p, which is bilabial. The example of 
English /h/ and /n/ (the latter is the 
phonetic symbol for the final sound 
spelled ng in sing) will illustrate the 
application of this rule. These two sounds 
are in complementary distribution since 
/h/ is always syllable initial and /n/ is 
always syllable final. Instead of saying 
merely that they are too dissimilar pho- 
netically to be allophones of the same 
phoneme, we can state that the only 
phonetic feature common to both is mere 
consonantality, which is found in many 
other sounds in English and is not, 
therefore, unique. 

The features of a phoneme may be 
considered the most elementary units of 
Phonological description. The phonemes 
of any language may be resolved into 
combinations of a very limited number 
of such recurrent features, much smaller 
than the number of phonemes. Many 
features clearly involve a correlated pair 
of mutually incompatible articulations, 
for example, voicing versus nonvoicing, 
aspiration versus nonaspiration, and so 
forth. Jakobson and his associates have 
striven to reduce all significant features 
of all languages to 12 such pairs of 
binary features (2). It then becomes 
possible to derive a measure of relative 
efficiency of phonemic systems in terms 
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of the utilization of binary features by 
a simple application of information 
theory mathematics, since its fundamen- 
tal unit, the bit, is a single binary choice 
(3, pp. 156-7). 

The principles of phonemic theory, 
though presented here at some length, 
have been necessarily somewhat simpli- 
fied. This discussion has been designed 
to exhibit what is undoubtedly a first- 
rate achievement of contemporary lin- 
guistic science from two points of view: 
the isolation of a unit which is adequate 
for purposes of description, and the over- 
coming, by analytic techniques, of the 
particular observational bias of the ob- 
server, based on his own linguistic back- 
ground. 


Grammatical Theory 


It might be maintained that the most 
significant advance in descriptive gram- 
matical theory has been along similar 
lines, in the development of methods by 
means of which the actually functional 
grammatical categories of each language 
emerge in the place of a priori classi- 
fications derived from the traditional 
model of Latin grammar as applied to 
western European languages. More than 
any other single factor, the work of 
Boas and his students in the description 
of American Indian languages exposed 
the inadequacies of traditional gram- 
matical analyses when applied to lan- 
guages of very different structure. 

The problem of grammatical theory 
may be most briefly characterized as 
the problem of generating the theoreti- 
cal infinity of grammatically possible 
sentences in a grammar with a finite set 
of rules. If the number of grammatical 
sentences in any language were finite 
then there would be some one or more 
of these sentences of maximum length, 
whether reckoned by number of pho- 
nemes or by some grammatical unit 
such as the morpheme or word. But in 
fact we can always make a given sen- 
tence longer by an additional clause be- 
ginning with and, or in other ways. Al- 
though each sentence is of finite length, 
the number of sentences in any natural 
language is what is called by mathema- 
ticians a countable infinity. But the lin- 
guist deals with a necessarily finite corpus 
of actually recorded sentences. Gram- 
matical theory is therefore necessarily 
predictive, in a certain sense, in that 
the rules of the grammar of a particular 
language enable us to project new gram- 
matical sentences not contained within 
the corpus. It is likewise only such a 


theory that will do justice to the ability 
of the speakers of a language to pro- 
duce sentences they have never spoken 
or heard previously and of their hearers 
to understand such sentences. 

An infinitude of grammatically pos- 
sible sentences can indeed be generated 
from a finitely large class of meaning- 
ful elements (for example, words) if 
there is limitless possible repetition of 
members of a particular class, for ex- 
ample, adjectives between the definite 
article and a noun. Again, the grammar 
would be vastly complex unless the pos- 
sibility of combinations of meaningful 
elements is in terms of such classes 
whose members all enter into the same 
or highly similar combinations. 

Traditionally grammar has dealt with 
such classes, or at least the most in- 
clusive ones known as parts of speech, 
by definitions which involve meaning, 
as when a verb is defined in terms of 
activity or a noun as the name of a 
person, place, or thing. In fact, the in- 
adequacy of such definitions has long 
been recognized in actual practice. Thus 
lightning is a noun in English, even 
though it names an activity, and if its 
nounness is called in question we resort 
not to meaning but to certain distribu- 
tional facts, for example, the fact that 
just like boy it can be preceded by the 
article the. Now this means, in effect, 
that lightning is found in the same or 
similar environments as boy, using the 
term environment in the same sense as 
earlier in the discussion of phonemic 
theory, and this, in turn, means that one 
of the words can be often substituted 
for the other, as in “The lightning struck 
the man” and “The boy struck the man.” 
Substitution therefore becomes a key 
operation in distinguishing grammatical- 
ly useful classes. It turns out that this 
technique when applied to different lan- 
guages will isolate different kinds of 
classes so that the traditional parts of 
speech, which do not fit even English 
very well, must make way for a far 
more complex typology of kinds of 
classes of meaningful elements in lan- 
guage. 

The recent work of Chomsky (4) 
shows that simple substitution alone, 
such as described above, is by itself an 
inadequate, or at least an inconvenient, 
mechanism for generating the grammat- 
ical sentences of a language. A substi- 
tution such as that of the above example 
may be looked upon as a transforma- 
tion by which, from the sentence “The 
lighting struck the man,” we obtain the 
new sentence “The boy struck the man.” 
However, it turns out that more com- 
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Table 1. Consonantal system of an earlier stage 
of Yiddish. 


Point of articulation 








Mode of 
articulation : Alveo- 
Labial Dental palatal Velar 
Unvoiced stop p t k 
Voiced stop b d g 
Unvoiced 
fricative f Ss 3 x 
Voiced 
fricative Vv Zz 
Nasal m n 1) 


Liquids: r, 1 





plex transformations are required to ac- 
count adequately for such relations as 
that of passive to corresponding active 
sentences in English. These transforma- 
tions are applied after the rules of for- 
mation of certain basic (‘kernel’) sen- 
tences have been described in a more 
elementary portion of the grammar 
(“phrase structure”). 

The role of meaning in contemporary 
linguistics has been the subject of much 
discussion and controversy. It should be 
emphasized that several quite different 
questions are involved. The rejection of 
semantic criteria as defining properties 
for grammatical classes does not involve 
necessarily the rejection of meaning it- 
self as a proper subject of study for 
linguistic science. In fact, it cannot be 
avoided if linguistic descriptions of spe- 
cific languages are to have any prac- 
tical or scientific usefulness. The com- 
pilation of dictionaries is a necessary 
task and clearly falls within the province 
of linguistics. It is, however, that branch 
of linguistic description which up to 
now is the least developed from the 
theoretical point of view. 


Sound Change 


The development of structural ap- 
proaches in synchronic linguistics has 
had its influence on the more traditional 
field of diachronic or historical com- 
parative linguistics. Probably the chief 
effect has been a different manner of 
viewing change in language. This can 
be most readily illustrated from the area 
of changes in sound systems. Earlier de- 
scriptions of these changes were gener- 
ally arranged in terms of each sound 
through time. For example, a history of 
the development of the sound system 
from Latin to modern French would 
have separate chapters on each vowel 
and ‘consonant of vulgar Latin, tracing 
the changes through the course of time. 
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Each sound was thus treated in isola- 
tion. The notion of the sounds of a lan- 
guage as a system of interrelated pho- 
nemic units leads to the view of change 
as change of state from one synchronic 
system to another of later date. Instead, 
then, of taking the history of the vowel 
a separately through time, we rather ask 
what was the entire system of sounds of 
the French language at, say, a.D. 1000, 
and then at a.p. 1200, and then we view 
the changes undergone by a or any oth- 
er sound in the context of such systemic 
change. 

The value of such a systematic view 
as a partial explanatory theory can be 
illustrated from the following example, 
which concerns certain changes in the 
phonemic system of Yiddish. To illus- 
trate the principle involved, it will be 
sufficient to consider a portion of the 
consonantal system at a period previous 
to the changes to be considered. As 
relevant features in the sense mentioned 
earlier in our discussion of phonemic 
systems, we have (i) the contrast of 
voiced and unvoiced consonants, for ex- 
ample, 5 versus p; (ii) that of stop and 
fricative, for example, p versus f; (iii) 
a four-way contrast of point of articu- 
lation, for example, labial p, dental ¢, 
alveopalatal 8, velar k; (iv) contrast of 
nonnasal and nasal, as p versus m. In 
addition, there were two liquids, r and 
l, which were isolated from the remain- 
der of the consonant systems. The ac- 
tual combinations of features that made 
up the relevant portion of the conso- 
nantal system can be seen from Table 1. 

From the table we can see at least 
two obvious gaps in this system, repre- 
senting possibilities for new sounds with- 
in the existing framework: a voiced 
partner for 8, that is 2 (as in French 
journal), and a voiced counterpart for 
x (the sound written ch in German 
Dach, “roof” ). Such a voiced velar frica- 
tive would be represented in phonetic 
notation by y. The phoneme Z came into 
the system largely through loan words 
from Slavonic and other languages. The 
second gap was filled by r, formerly a 
tongue tip trill, which, because of its 
phonetic structural isolation, was free to 
shift considerably without merging with 
any other sound. One variety of the so- 
called guttural or back r with consid- 
erable acoustic similarity to the front 
tongue-tip r is precisely y. In many but 
not all dialects of Yiddish we then find 
the sound change r > y, by which the 
formerly isolated r shifted backward and 
abandoned its former structural isola- 
tion to fill a gap in the system. 


It should be emphasized that other 
factors beside those of sheer structural 
arrangement play a role in helping to 
explain linguistic change even in the 
case of phonetic change. The work of 
Martinet (5) in this area utilizes as an 
additional principle that of functional 
yield. This is the hypothesis that, other 
things being equal, the contrast between 
a pair of sounds is more likely to be pre- 
served, the larger the number of differ- 
ent meanings distinguished by them. 
However, these principles are not suf- 
ficient to provide a complete explana- 
tion. We cannot, therefore, predict the 
changes in a linguistic system, although 
we can limit severely the types of pos- 
sible changes. 


Linguistic Reconstruction 


Although linguistics is thus not a pre- 
dictive science, except in a probabilistic 
sense, it can in a sense predict back- 
wards in time. By comparing related 
languages, that is, languages which have 
developed by independent but regular 
changes from a single source language, 
linguists can, by a kind of triangulation 
known as the comparative method, re- 
construct with a high degree of plausi- 
bility many features of extinct languages 
which have left no written records. The 
scientific status of linguistics is there- 
fore much like that of geology, which 
can reconstruct but not predict. 

In recent years a method has emerged 
which promises for the first time to fur- 
nish an absolute time scale for such re- 
constructions. This method is known as 
glottochronology, or lexicostatistics (6). 
If we compare related languages, we see 
that certain elements of vocabulary 
which stand for common items of hu- 
man experience are extremely stable, in 
that they are not easily replaced by bor- 
rowed words from a foreign language, 
and are likely to persist over very long 
periods. Such are terms for low numer- 
als, parts of the human body, water, 
fire, and so forth. The more closely lan- 
guages are related, the more of such 
cognate (that is, related) items they 
will still have in common. For example, 
English will have more of these basic 
terms in common with German than 
with the more remotely related French. 
We assume that in a standard list of, 
say, 100 such items, replacement by 
new terms is random over time. Then if 
the proportion of retained items in some 
arbitrary fixed period of time, t, is some 
constant, C, which is to be determined, 
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then in the next period of equal length 
the same proportion of the remaining 
items will be retained so that for 2¢ the 
amount of survival from the original 
list is C?, or, in general, nt = C". If we 
compare two related languages, rather 
than one language at two different times, 
we assume that the changes in the list 
for the two languages is independent 
and at this same rate. The value of the 
constant itself has been established em- 
pirically by considering languages for 
which there are written records over a 
considerable time span and noting the 
proportion of basic words which sur- 
vive during this interval. The most re- 
cent determination of this constant on 
the basis of a standard list of 100 words 
is .864 + .065 per millennium at the 
5-percent confidence level. This means 
that a language retains approximately 
86.5 percent of these 100 words over a 
period of 1000 years. By the use of this 
constant we can calculate the probable 
date of separation of two languages 
with a certain proportion of resemblance 
r in the list of 100 as t millennia by use 
of the formula 


t=log C / 2logr 


where C is .864 as mentioned above. 
Although there are still difficulties to 
be overcome in the use of this method, 
it has already been applied to problems 
of prehistory with some success (7). 


Other More Recent Developments 


The topics already discussed all fall 
squarely within linguistics proper. A few 
of the more recent developments which 
concern somewhat peripheral areas, or 
which are chiefly of interdisciplinary 
interest, may be mentioned. One such 
topic ‘is that of the application of sta- 
tistical methods to the study of language. 
As has been seen, the standard model 
of grammatical description is nonquan- 
titative. Its rules are adequate insofar 
as they allow us to decide whether a 
novel sequence is or is not grammatical. 
This is a yes-or-no decision which does 
not take into account the frequency of 
the sentence itself or of constituent ele- 
ments, phonetic or grammatical, actu- 
ally found in the use of the language by 
its speakers. The study of the properties 
of such frequencies by the use of samples 
of texts was largely pioneered by Zipf 
(8), who treated such problems as the 
proportional frequency of words as a 
function of their rank order of fre- 
quency within texts of given length. The 
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most recent developments in this field 
have been along the general lines fore- 
shadowed by Zipf. 

The study of the acoustics of speech 
sounds, which may be considered a bor- 
der area between linguistics and physics, 
with important bearings on the phonetic 
aspect of linguistics, has made impor- 
tant advances in the last decade or so, 
largely through the invention of the 
sound spectrograph, which permits a 
very exact study of the physical charac- 
teristics of the sound wave (9). The 
most important single result has prob- 
ably been the discovery that the acoustic 
difference between vowel sounds de- 
pends fundamentally on the reinforce- 
ment of two basic frequency regions, 
called the first (lower) and second 
(higher) formants. These formants vary 
rather directly with two of the chief 
articulatory characteristics of vowels. 
The higher the tongue position, the 
lower the first formant, and the farther 
front the raising of the tongue the high- 
er the second formant. Thus the high 
front vowel i has the lowest first form- 
ant and the highest second formant. 
The subsequent invention of a speech 
synthesizer, by which sounds are pro- 
duced by means of hand-painted spec- 
trograms as inputs, allows the manipu- 
lation of features of the sound wave, 
which is then judged perceptually by sub- 
jects so that the cues for the perception 
of speech sounds can be systematically 
studied. This line of experimentation 
has already produced interesting and 
significant results. It has been discov- 
ered, for example, that a basic cue for 
distinguishing one stop consonant from 
another is the transition to or from the 
formants of the vowel which follows or 
precedes respectively (/0). 

In the relatively unexplored area be- 
tween linguistics and cultural anthro- 
pology known as ethnolinguistics, and 
that between linguistics and psychology 
known as psycholinguistics, the sharpest 
issues have been raised through the 
largely posthumous interest in the writ- 
ings of Benjamin Whorf (//). 

The Whorfian thesis, or linguistic Wel- 
tanschauung hypothesis, as it has been 
called, stated in extreme form, would 
be that the general manner in which the 
speakers of a language conceive the 
world is determined, or at least influ- 
enced, by the grammatical categories of 
their language. This manner of conceiv- 
ing includes, in a global manner, cul- 
turally shared cognitive structures, value 
systems, and such psychological proc- 
esses as individual perception, degree 


and accuracy of recall, choice of al- 
ternative principles of classification in 
matching experiments, and so forth. 
When stated in such over-all terms, the 
theory obviously suffers somewhat from 
vagueness. The Committee on Lin- 
guistics and Psychology of the Social 
Science Research Council has sponsored 
an extensive program in interdiscipli- 
nary research—involving linguists, psy- 
chologists, and anthropologists—among 
monolingual and multilingual speakers 
of Hopi, Navaho, Zuni, Spanish, and 
English in the southwestern part of the 
United States. This project, which be- 
gan in 1954, is known as the Southwest 
Project in Comparative Psycholinguis- 
tics. The basic design of the studies un- 
dertaken has been to obtain data by 
employing the same psycholinguistic ex- 
periments on speakers of different lan- 
guages and on bilinguals with varying 
degrees of knowledge of the two lan- 
guages they speak. In such studies the 
speaker’s language is designed to be the 
only independent variable. As yet, only 
partial results have been published. An 
examination of these data and the un- 
published reports of the project leads to 
the conclusion that agreement in funda- 
mentals of human linguistic behavior 
far outweighs the idiosyncratic differ- 
ences to be expected on the basis of the 
relativity hypothesis. 

Finally, something should be said 
concerning the academic organization of 
linguistic science and some of its prac- 
tical applications. Scientists whose chief 
field of specialization is linguistics are 
actually found in a variety of depart- 
ments, including those devoted to spe- 
cific foreign languages, English, speech, 
and anthropology. Several major uni- 
versities have separate linguistics depart- 
ments (for example, Columbia, Cali- 
fornia, and Pennsylvania), but even here 
linguists will be found in other depart- 
ments. This disparity of departmental 
affiliations is largely overcome by the 
existence of linguistics clubs in all of 
the larger and many of the smaller uni- 
versities, and by the existence of a gen- 
eral professional organization, the Lin- 
guistic Society of America, and of both 
general and specialized journals. 

Linguistic science has made major 
contributions to the teaching of English 
as a foreign language, to the teaching 
of foreign, particularly exotic, languages 
to Americans, to the devising of orthog- 
raphies, and to the problems of machine 
translation of languages. Such applica- 
tions are bound to increase with the 
continuous widening of American inter- 
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est in remote portions of the world and 
the corresponding need for specialist 
training in the local languages. The 
present status of linguistics as a science 
is on the whole an encouraging one. 
Aided, no doubt, by a subject matter of 
transparently systematic type, it has 
been able to develop sophisticated and 
effective methods of descriptive analysis 
and historical reconstruction which give 
it a unique place among the sciences 
concerned with human behavior (/2). 
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Evolution of Enzymes and 


the Photosynthetic Apparatus 


Primitive photochemistry and porphyrin catalysis 
after separate genesis join in modern photosynthesis. 


The basic idea of evolution can be 
applied to prebiological times as well 
as to the transformations that occurred 
after living organisms appeared on the 
earth. In order for biological types of 
processes to have functioned, it is clear- 
ly necessary that an independent mech- 
anism be developed for the production 
of organic material on the surface of 
the earth by methods which do not de- 
pend on living things as we now know 
them. 

A number of such methods are chem- 
ically conceivable and, in fact, some of 
them have actually been tried out ex- 
perimentally (/, 2). Ultraviolet radia- 
tion, for example, was one of the ear- 
liest (3). Thermal energy was also 
among the early sources considered as 
a possible means of generating organic 
material (3). The first application of 
thermal sources involved the genera- 
tion of heavy metal carbides and their 
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hydrolysis to produce unsaturated hy- 
drocarbons such as ethylene and acet- 
ylene (3). These latter substances could 
then undergo a variety of reactions, in- 
cluding polymerization, to produce 
large organic molecules. 

More recently (4), a thermal step 
has been introduced at a later stage in 
the development of organic material, 
after the primary development of such 
molecules as the simple amino acids 
and keto acids, through the agency of 
ionizing radiation. This ionizing radia- 
tion might have been of several types 
—electrical discharge, cosmic radiation 
entering from outer space, or radio- 
activity on the earth itself. All three 
of these types of ionizing radiation have 
since been experimentally demonstrated 
to be capable of producing the kinds 
of molecules that were needed to begin 
the process of chemical evolution. 

If one adds to this the recognition 
that the fundamental character of the 
important catalysts (enzymes) of pres- 
ent-day living organisms is the result 
of the evolutionary development of 
rudimentary catalytic powers present in 
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the simple ions or molecules of the in- 
organic, or prebiological, environment, 
all the elements necessary for the ulti- 
mate appearance of living organisms are 
available to us. 


Development of Rudimentary Catalysts 


Even the most cursory examination 
of what is now known about the na- 
ture of present-day enzymatic mecha- 
nisms cannot fail to impress one with 
the apparent identity in kind between 
the enzymatic reactions and the re- 
actions as they are known to the or- 
ganic chemist in the laboratory. For 
example, glyoxalase, by which methyl 
glyoxal is converted to lactic acid, is 
nothing more or less than an internal 
Cannizarro reaction that is catalyzed 
by bases. Almost all of the hydrolytic 
reactions—those of esterase, proteases, 
phosphatases — have their nonenzy- 
matic counterparts in the form of gen- 
eralized acid or base catalysis, or more 
specialized catalysis by metal salts. 
For example, again in the case of the 
phosphatases, the freshly precipitated 
trivalent metal hydroxides are extreme- 
ly effective, or manganese ion is ef- 
fective as a rudimentary phosphotrans- 
ferase (5). 

One particular group of catalysts 
which is widely dispersed in present- 
day biological systems is that centered 
around the element iron—particularly 
catalase, peroxidase, and cytochrome. 
Here, a rather quantitative comparison 
can be made between the ability of the 
bare iron atom to perform some cataly- 
tic function and the ability of the iron 
atom to perform the same catalytic 
function as it has been developed in 
biological systems. Thus, in Fig. 1 one 
sees a comparison of the hydrated iron 
ion, the iron ion surrounded by a por- 
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; phyrin as it is in heme, and the iron HOM Bose) Fama, 
ion porphyrin, or heme, as it is incor- qe i oe 
> porated into a protein, surrounded by ms a ey 
two or more coordinating groups of the / F C1 CH=CH, 4 N 
: protein to form catalase. The progres- # eet? / ot” a aa a 
a sive increase in catalytic ability is from / Fs JIN ‘ 5 
ee 10° for the aqueous ferric ion to 10° CS on CHy i CHy - et 
” for the heme, to 10° for the complete H H HN Ge } 
4 enzyme. 6 ote i fie wt 
rh These are definitions of the catalytic HoH Cont CO.H { 
a function of the iron for the reaction siniiiiciniiiiiass me 
involving the decomposition of hydro- ¢gtaitic ctvty — 
gen peroxide. However, we know that = mt"s“ct eel si 1 10° 
the iron has many other functions as EVOLUTION OF A CATALYST FOR 
well, most of which involve oxidation H202—>H,0 + 1/2 O2 
or reduction. For example, even catalase ‘ : ; 
ma itself can function as a peroxidase, us- Fig. 1. Evolution of a catalyst for hydrogen peroxide. 
it, ing hydrogen peroxide to oxidize or- 
ti- ganic substrates, provided the hydrogen 
re peroxide is sufficiently dilute. Undoubt- between hydrogen and cupric ion. way to manufacture the depleted item 
edly the iron is also involved in what Therefore, one can imagine (and indeed from remaining molecules will, of 
we now recognize as oxidative phos- we realized this experimentally long ago) course, survive, whereas those units 
phorylation—that is, the conversion of (7) a system consisting of molecular which are unable to do so will disap- 
sts the energy liberated upon the passage hydrogen and cupric ion which would pear, since they can no longer repro- 
of an electron from a highly reducing remain in this form for a long period duce themselves. Such a process of 
on potential to an oxidizing agent, such as__ of time. However, should either a very gradual depletion of available substrates, 
la- oxygen or other material, with the con- slow noncatalytic reduction lead to with the evolution of continually longer 
1a- comitant storage of some of that energy cuprous ion, or some random electron and longer chains of synthesis, would 
ith in the form of unstable (pyrophosphate) transfer lead to the formation of an then constitute the origin of the syn- 
en linkages which may be later used for appreciable number of cuprous ions in thetic sequences that we are now find- 
re- other purposes. the mixture, then immediately the entire ing in present-day living organisms. 
or In order to convert the rudimentary reaction mixture would go over to the 
‘or catalytic functions which must exist in more stable system. Thus, we can pro- 
vyl all the elements and their simple com- vide a basis for chemical selection for Enzymes 
is pounds into the highly efficient ones the development of prebiotic evolution, 
nal that we now recognize as enzymes, we _ leading to progressively more complex With these two ideas we can see how 
ed must introduce two additional ideas, and specific organic structures. an enzyme, or, I should say, a highly 
tic one from the realm of chemistry and efficient catalyst, could be built. It is 
es, the other from the realm of genetics, perhaps worth while to trace such a 
zy- both of which, however, could be con- Synthetic Sequences development in a specific instance with 
en- sidered manifestations of exactly the which we might be familiar: for ex- 
ref same phenomena. The first of these, The other notion that I would like ample, the iron porphyrin. Fortunately, 
Its. \ from the realm of chemistry, is the idea to introduce is the one developed by the essential steps in the present-day 
the § Of autocatalysis—that is, the basic no- the geneticist Horowitz (8) as a basis biosynthetic route to porphyrin have 
ted | tion that the product of a reaction may for biochemical selection after the ap- been unraveled for us (9). One could 
ne- itself be a catalyst for the conversion pearance of mutable organisms. He begin with succinic acid and glycine, 
ef- of precursors into itself (6). This is a suggested that the very complex se- two compounds which we already know 
ns- very common phenomenon in chemistry quences that we are now finding to be can be made by the various random 
and perhaps is best illustrated in one responsible for the synthesis of most methods mentioned above, such as gas- 
sts of the simplest cases—namely, the re- of our existing biological material could eous discharge or ionizing radiation or 
nt- action of molecular hydrogen with have developed in a backward manner, ultraviolet light (2,4). From _ these 
red cupric ion. This reaction leads, ther- beginning with the completely hetero- (succinic acid and glycine) an alpha- 
irly modynamically, to the formation of trophic organisms. He postulated that amino-beta-keto acid is formed, fol- 
ne. cuprous ion and oxidized hydrogen, _ the first organisms, the first living things, lowed by decarboxylation to delta-am- 
son either as acid or water, depending upon were complete heterotrophs and had _ inolevulinic acid; two of these mole- 
the the anion with which the cupric ion is available to them all possible precursors cules then condense to form a pyrrole 
ily- associated. It so happens that the re- for their own duplication, and that their nucleus, porphobilinogen. This mole- 
ron action of molecular hydrogen with only function was to bring these to- cule then passes through a series of 
ytic cupric ion, although thermodynamically gether to produce themselves. One can _ steps, involving a number of oxidations, 
in Possible, is extremely slow without then visualize a process in which at leading finally to protoporphyrin (9). 
one Catalysis. However, the product of this first one essential constituent of the The skeleton of this is shown in Fig. 2. 
ron reaction—that is, cuprous ion—is an mixture is depleted. Then, the particular With the introduction of iron into 
yore extremely good catalyst for the reaction organizational unit that has found a _ the protoporphyrin—or perhaps a bet- 
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Fig. 2. Possible catalytic function of iron in a modern biosynthetic sequence (from 


succinic acid and glycine). 


ter way to view it would be, with the 
surrounding of the iron by the proto- 
porphyrin grouping—the iron becomes 
a better oxidation catalyst, and, as is 
shown in Fig. 2, there are several oxida- 
tion steps along the biosynthetic route 
as we now know it. Thus, one has only 
to. suppose that one or more of the se- 
quences of steps jeading to protopor- 
phyrin is dependent upon an iron- 
catalyzed oxidation (and this is almost 
certainly so) to arrive at the conclusion 
that once such an iron protoporphyrin 
is manufactured it will itself accelerate 
its own synthesis from such precursors 
as succinic acid and glycine, and thus 
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will tend to build up the supply of the 
material and improve the iron catalyst 
that will be available for a variety of 
other functions as well. As yet, a non- 
enzymatic (modern biological catalyst) 
synthesis of this general type has not 
been described, but it appears that very 
few attempts have been made. 


Development of the Photosynthetic 
Apparatus: Carbon Reduction 


I shall review briefly what our pres- 
ent state of knowledge appears to be 
with respect to the existing mechanism 


(CH=0 b) 
CH3 





CH3 


Mg CH 
/ 


oe a 


O2CeoHa9 





CHLOROPHYLL a 


Fig. 3. Structural relationships between heme and chlorophyll-a. 
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by which the photosynthetic apparatus 
in the green plant and in the lower 
organisms can convert electromagnetic 
energy into chemical potential as re- 
duced carbon and molecular oxygen. 
One need hardly do more than point 
out the essential features of the proc- 
ess to recognize its present-day separa- 
tion into several distinct parts (10). The 
reduction of carbon dioxide, we now 
have every reason to suppose, occurs 
in a series of reactions which can take 
place entirely in the dark. In fact, all 
the enzyme systems that we now know 
participate in the conversion of CO: to 
carbohydrates have been found in a 
wide variety of organisms, many of 
which are not photosynthetic. For ex- 
ample, the Thiobacillus (11) contains 
very nearly all the necessary enzymes, 
and Escherichia coli (12) grown in 
xylose contains not only carboxydismu- 
tase but also a number of other enzymes 
involved in the carbon-reduction cycle. 
The final step was indeed taken when 
Racker (/3) was able to make a mix- 
ture of all the requisite enzymes and 
the energy-storing compounds (reduced 
triphosphopyridine nucleotide and ade- 
nosine triphosphate) which produced 
hexose phosphate from carbon diox- 
ide, all in the dark. 

We can therefore follow van Niel 
(/4) and reaffirm the suggestion that 
the photochemical apparatus in the 
green plants is primarily concerned 
with the splitting of the water molecule 
and the generation of reducing agent 
and intermediate oxidant. The latter 
(intermediate oxidant) will eventually 
find its way into molecular oxygen. The 
former (reducing agent) will be used to 
reduce the compounds formed by com- 
bination of carbon dioxide with suitable 
intermediates in the cell. From our 
knowledge of the nature of the carbon 
cycle (JO) it is already clear that ade- 
nosine triphosphate is also required for 
this latter process, and this adenosine 
triphosphate may be generated either by 
oxidative phosphorylation or by a re- 
combination of the intermediate oxidant 
with some intermediate reductant that 
has been formed by direct photolysis. 
Thus, we can suppose that the reaction 
sequence that is now used by green 
plants for the reduction of carbon di- 
oxide was developed independently of 
the photosynthetic apparatus, and was 
presumably later coupled to the energy- 
capturing and -transforming mechanism 
which the photosynthetic apparatus rep- 
resents. 


SCIENCE, VOL. 130 








Pho 


of 1 
7 
ori 
mol 
chi 
of | 
if 1 
pre: 
a b 
ing 
seel 
of 

(Fi 


cou 
syn 
exi! 
lyti 
wa 
enc 


wh 
in | 
cle 
at 

ph 
the 
me 
de] 


cul 





all 


ally 
rhe 
| to 











Photon Conversion 


We must now examine the nature 
of the photochemical apparatus to see 
if we can discover something of its 
origin. The primary energy-trapping 
molecule is, of course, a porphyrin, 
chlorophyll. In recent years, the work 
of Granick (/5) has clearly indicated, 
if not conclusively demonstrated, that 
present-day synthesis of chlorophyll is 
a branch in the synthetic sequence lead- 
ing also to the hemes. This branch 
seems to occur just before the insertion 
of the iron into the phorphyrin ring 
(Fig. 3). 

We can thus see that the most likely 
course for the evolution of the photo- 
synthetic apparatus involved the prior 
existence of the porphyrin type of cata- 
lytic structure. This catalytic structure 
was evolved not in response to the exist- 
ence of sunlight but, rather, in response 
to the other evolutionary driving force 
which we have already seen operative 
in the development of the porphyrin nu- 
cleus—namely, the oxidative catalysis 
at which iron compounds of the por- 
phyrins are so efficient. This leads to 
the suggestion that either the develop- 
ment of the porphyrin was not directly 
dependent upon the existence of oxygen 
in the primordial atmosphere and oc- 
curred in response to its function in 
other oxidative dismutations not involv- 
ing molecular oxygen or that there was 
molecular oxygen in the earth’s atmos- 
phere prior to the advent of the photo- 
synthetic apparatus producing it now. 

The development of such highly or- 
ganized structures as are now found in 
the organelles of the cells, such as the 
chloroplasts and mitochondria (J/6), 
seems to me to be incompatible with 
the degree of penetration of the ultra- 
violet radiation from the sun in the 
wavelength around 2500 angstroms, 
which would have occurred had there 
been no oxygen in the atmosphere. To- 
day, of course, the oxygen in the upper 
atmosphere is photodissociated by this 
very ultraviolet light and is thus con- 
verted into quantities of ozone, which, 
in turn, strongly absorbs in the region 
between 2200 and 3000 angstroms. 
While it is possible to conceive of the 
development of heterotrophic organisms 
in the shelter of deep water, and thus 
not exposed to the destructive ultra- 
violet, it is difficult to conceive of the 
evolution of a photosynthetic apparatus, 
even a primitive one, also in the same 
environment, since there would be little 
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visible light available, either, for the 
selective mechanism. 

Thus, we are constrained to believe 
that not only was the evolution of 
higher organisms delayed until apprecia- 
ble amounts of oxygen appeared in the 
atmosphere but that the evolution of 
the porphyrin catalysis itself, and of 
some of the more complex structural 
elements of living cells, also had to 
await this protection. Presumably, it 
came about by virtue of the photodis- 
sociation of water into hydrogen and 
oxygen, followed by the escape of the 
hydrogen from the gravitational field 
of the earth and the leaving behind 
of an appreciable quantity of oxygen, 
even though it is now entirely photo- 
synthetic in origin. We can thus envisage 
the development of the highly organized 
structural units which we see today, in 
the form of mitochondria prior to the 
development of the chloroplasts and the 
photochemical apparatus. The similarity 
in the structure of these two organelles 
is very striking, and it is not unreason- 
able to suppose that the latter had its 
origin in the former (Fig. 4). 


Coupling 


Thus, the porphyrin molecule and 
the structural unit into which it is built 
had an independent evolution. Only at 
a much later time did the coupling of 
the optical properties of the porphyrin 
molecule to the energy demands of the 
carbon-reduction cycle take place. This 
presumably occurred at a time when 
there may already have been a rudi- 
mentary photosynthetic energy-yielding 
apparatus in the near ultraviolet, per- 
haps using sulfur compounds as direct 
absorbers. The more efficient light- 
energy-capturing molecule, such as por- 
phyrin, could not be used in energy 
conversion until it was divested of the 
iron atom which was its principal rea- 


son for being. A reason for this is the 
requirement for a long-lived excitation 
after the capture of the quantum. The 
iron porphyrin, although absorbing a 
good deal of visible light, cannot have 
a very long-lived excitation because of 
the presence of the magnetic iron atom 
in the molecule. The inhomogeneous 
magnetic field surrounding the iron 
atom breaks down the selection prohibi- 
tions and does not allow long-lived 
excitation of porphyrin. However, if 
the iron is replaced by magnesium, or 
some other diamagnetic divalent cation 
such as zinc, then these molecules can 
have long-lived excitations which are 
essential for energy migration and con- 
version with any high degree of effi- 
ciency. 

The rudimentary beginnings of a 
chlorophyll type of photosynthesis may 
have occurred in the precellular period, 
in a period that had already seen the ap- 
pearance of lipid-type coacervates (3) 
and in which the disc-like molecules of 
chlorophyll could assume a_pseudo- 
crystalline arrangement facilitating en- 
ergy transport and conversion (/7). 
In all probability, it was at this point 
(or very near this point) that the cel- 
lular habitat of life took shape. Finally, 
the generation of the oxygen-evolving 
mechanism, perhaps requiring the par- 
ticipation of the carotenoids and other 
such materials, occurred, leading to de- 
velopment of the higher plants (/8). 

As is the case with the precursor 
forms in biotic chains of evolution, it 
is not likely that we will discover on 
earth any of the rudimentary prebiotic 
systems of which we have spoken (/9). 
However, the time is fast approaching 
when it will be possible to explore at 
least three nonterrestrial environments 
—those of the Moon, Venus, and Mars. 
The possibility of finding materials in 
an evolutionary stage which might cor- 
respond to the early stages of terrestrial 
evolution is real and finite (20). It is, 





Fig. 4. Comparison of structure of mitochondria and chloroplasts. [After Sjéstrand] 
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therefore, of the utmost importance to 
avoid any action which will, by terres- 
trial contamination, forever jeopardize, 
or even destroy, the possibility of dis- 
tinguishing organisms or prebiotic chem- 
ical forms which might be discovered, 
particularly on Mars. 

Suitable methods of close-in spec- 
troscopic investigation and upper at- 
mosphere sampling should be developed 
and used so as to make knowledge 
available prior to any direct contact, 
and it is to be hoped that any vehicles 
which are at all likely to make contact 
with these surfaces will be biologically 
sterile and as chemically and biochem- 
ically clean as it is possible to make 
them (2/). 
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Science in the News 


Building for Unique Science High 
School Dedicated in the Bronx 


A new building for New York’s 
Bronx High School of Science was 
dedicated on 27 October. The dedi- 
cation focuses deserved attention on 
this unique institution, which provided 
secondary education for more than 1 
in 200 of all persons who received 
their doctorates in the United States 
during 1957. Most of the doctoral 
degrees that have been earned by Bronx 
High alumni were in the pure sciences 
and in engineering, according to a study 
that is being conducted by Samuel 
Strauss of McKinley High School, 
Washington, D.C., for the Office of 
Scientific Personnel, National Academy 
of Sciences—National Research Coun- 
cil. 

An earlier study, made in 1952, de- 
termined that approximately 80 per- 
cent of the school’s graduates are as- 
sociated with science, mathematics, or 
science-related professions, and _ that 
many alumni are now occupying im- 
portant posts in universities, scientific 
and engineering institutions, and _pri- 
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vate and government laboratories. 
This record has been achieved in a 
relatively short span of time, for the 
school is only 21 years old. 


History 


The Bronx High School of Science 
is a school for the gifted. It was es- 
tablished in 1938 by the Board of 
Education of the City of New York 
as a public academic high school for 
boys with a particular interest and 
ability in science and mathematics. In 
1946 the school was opened to girls, 
who have since that time been ad- 
mitted in the ratio of one girl to every 
two boys. The current population of 
the school is approximately 1800 boys 
and 900 girls. 

For its first 20 years, the school 
was headed by Morris Meister, whose 
portrait hangs in the entrance of the 
building that was dedicated on Tues- 
day. Last year Meister resigned to 
assume the presidency of the newly 
founded Bronx Community College. 
He was succeeded as principal by Alex- 
ander Taffel, former head of Haaren 
High School in New York City and 
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physicist who studied under Isidor 
. Rabi and the late Enrico Fermi. 
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Curriculum and Academic Performance 


The students at the Bronx school 
are selected from applicants from ev- 
ery part of the city of New York on 
the basis of an entrance examination, 
as well as on previous scholastic rec- 
ord and achievement. The effect of 
the selection process is to produce an 
entering class with a median IQ of 
140, achievement in reading and arith- 
metic about 2 years beyond chrono- 
logical age, and an aptitude for sci- 
ence and mathematics. The school is 
harder to get into than many colleges; 
in 1957, 3900 of New York’s superior 
students applied, and only 750 were 
accepted. 

The curriculum consists of a basic 
core of required courses, supplemented 
by a number of elective courses in the 
areas of the pupil’s special interest. 
Required courses for 4 years at Bronx 
High are as follows: 3 years of mathe- 
matics (most students take more); 5 
years of the sciences; 4 years of Eng- 
lish; 4 years of social studies; 1 year 
of mechanical drawing; 1% year of sci- 
ence laboratory techniques; at least 3 
years of Latin, Spanish, French, Ger- 
man, or Hebrew; and music, art, and 
health education. For outstanding stu- 
dents, there are special courses in Eng- 
lish, mathematics, physics, biology, and 
chemistry that lead to college admis- 
sion with advanced standing. 

The achievements of the students in 
scholarship competitions have been con- 
sistently outstanding. At the present 
time the school holds top place in the 
nation in the winning of awards in 
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The new building for the Bronx High School of Science that was dedicated on 27 October. 


the Science Talent Search of the West- 
inghouse Educational Foundation. Dur- 
ing the 18 years that this contest has 
been in existence, the school has pro- 
vided 21 winners. In the National 
Merit Scholarship contest, Bronx stu- 
dents have this year won 51 semi- 
finalist positions, more than the num- 
ber won by any other high school in 
the United States. The June graduat- 
ing class of some 750 students earned 
about 500 scholarships. 

Despite the high scholastic achieve- 
ment, students have the normal sports 
and extracurricular interests of young 
people their age. In sports they are 
at present the New York City cham- 
pions in tennis, and they make a strong 
showing in swimming. 

It is hardly necessary to mention that 
the school has a highly competent fac- 
ulty that is thoroughly trained in sub- 
ject matter as well as in educational 
methodology. Many members of the 
staff are authors of textbooks and pro- 
fessional articles, and there are among 
them an unusually large number of 
Ph.D.’s. Last year Taffel told Time: 

“We do a better job than compre- 
hensive schools do in their honors 
courses. The teacher is the key; in 
our school the teacher doesn’t have 
his courses divided so that he has to 
Spend time with slower pupils. He’s 
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free to try new things. He can stimu- 
late and become as stimulated as his 
students; if he’s wise, he grows with 
them.” 

Time also quoted a teacher as hav- 
ing commented: “It’s a privilege to be 
here; it’s constantly exhilarating. The 
problem is that so many of the kids are 
brighter than we are. We know darned 
well our IQ’s don’t match most of 
theirs.” Another faculty member is re- 
ported to have observed: “When you 
get a bright youngster and focus his 
interest early, the kid soars like a 
comet. He gets a five- to ten-year 
start in professional life.” 


Unusual Facilities Available 

In addition to the usual facilities 
that one would expect in a high school, 
the new building has the following 
special facilities: six elementary and six 
advanced laboratories in biology, chem- 
istry, and physics; a mathematics lab- 
oratory; ten shops and drafting rooms; 
three photography laboratories; two 
greenhouses; a planetarium; a _ radio 
station; a weather station; an animal 
room; a home technology laboratory; 
and four student-project laboratories. 

In the accompanying illustration, the 
dome of the planetarium is visible on 
the roof of the building. It will be 
provided with a Spitz projector and 


will be used to demonstrate certain as- 
pects of astronomy that are taught in 
connection with some of the advanced 
physics and advanced mathematics 
courses. 


Special Activities Program Launched 


The four project laboratories and 
the two greenhouses are being used in 
connection with the creative activities 
program in science that has recently 
been established at the school. The 
purpose of this program is to provide 
opportunities for highly motivated stu- 
dents to carry out research projects. 

At present five research classes are 
organized in the fields of biology, 
chemistry, and physics. A teacher su- 
pervises the work of some 15 to 25 
students in each project laboratory. 
Typical research projects were carried 
out during the past year in the follow- 
ing areas: identification of blood types 
in frogs, absorption of radio phos- 
phorous by Paramecium, effect of gib- 
berellin on acquatic plants, effect of 
ultra-violet light on the mutation rate in 
Drosophila, design of a digital com- 
puter, analysis by chromatography, de- 
sign of Newtonian reflecting telescope 
with astro-camera, and analysis by 
electrophoresis. 

This work is augmented by a sum- 
mer-institute program in which—with 
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the National 
Foundation and several private founda- 
tions—students are placed in research 
laboratories throughout the New York 
and the New England areas, where they 
gain valuable experience as appren- 


support from 


tices. 





Conference Spurs Nuclear 
Energy and Basic Sciences 
in Pan American Union 


At its first meeting last week, the 
Inter-American Nuclear Energy Com- 
mission set the framework for the fu- 
ture activities of South and Central 
American states in the use of nuclear 
energy and, more broadly, in the role 
of science. Representatives of 15 na- 
tions took part in the 5-day organiza- 
tional meeting in Washington which, by 
means of 11 resolutions, charted the 
future development of the commission. 
The resolutions, in addition to estab- 
lishing the working practices of the 
group, call for cooperative programs 
for training, education, and research in 
the nuclear sciences and for dissemina- 
tion of information on nuclear energy 
in Latin America. They also call for a 
survey of the use of radioisotopes in 
research in the Americas, symposia on 
the peaceful applications of nuclear 
energy, and the elimination of tariff 
barriers on materials used in scientific 
training and research. 

The commission is an outgrowth of 
a proposal made by President Eisen- 
hower at a meeting of the presidents 
of the American states in July 1956. 
At that time he suggested that the 
field of atomic energy represented one 
possible avenue toward closer coopera- 
tion among the American republics. At 
a later meeting, this proposal was given 
specific form when Dr. Milton Eisen- 
hower suggested the creation of the In- 
ter-American Nuclear Energy Commis- 
sion. After some delay, the commission 
was formed as a semiautonomous or- 
ganization with its own secretariat and 
with strong ties to the Organization 
of American States. The relationship, 
according to a spokesman, is very sim- 
ilar to that between the United Na- 
tions and its many specialized agen- 
cies. 


Basic Science Needs Stressed 


Although most of the Central and 
South American nations are eager to 
put atomic energy to work as soon as 


1176 


possible, there is general realization, 
which was evident at the Washington 
meeting, that the immediate major need 
is for a cadre of scientific and engi- 
neering personnel to train and direct 
others, in both the national and inter- 
national programs. Toward this end, the 
members of the commission considered 
two possibilities. The first, a single large 
center for training, education, and re- 
search in the nuclear sciences for all 
of Latin America, was rejected on the 
grounds that it would be inefficient. “A 
better alternative,” one of the resolu- 
tion papers states, “appears to be the 
increased utilization of existing na- 
tional facilities and the encouragement 
of worthwhile new endeavors in the 
various fields of nuclear specialization 
on a regional, rather than purely na- 
tional, basis.” A resolution to study the 
latter plan was among the 11 adopted 
by the commission. Such a cooperative 
program, the commission directed, 
should give priority to the following 
subjects, in the order given: mathe- 
matics for nuclear science; basic phys- 
ics and nuclear physics; nuclear engi- 
neering and technology; use of isotopes 
in scientific research, agriculture, medi- 
cine, and industry; health and safety 
in the use of nuclear materials; and 
geology and mining of nuclear mate- 
rials. 

The priority list reflects the general 
view among the delegates that nuclear 
studies cannot be pursued in vacuo, 
and that a general advancement in all 
the sciences underlies progress in the 
nuclear sciences. On this point, J. D. 
Perkinson, executive secretary of the 
commission and a former member of 
the training and education division of 
this country’s Atomic Energy Commis- 
sion, said: “The secretariat of IANEC 
and the delegates were consistently con- 
cerned during the sessions with the im- 
portance of the basic sciences as a 
foundation for any nuclear program.” 
The other side of the coin, as the sec- 
retary pointed out, is that “it is well 
established that the institution of a na- 
tional nuclear program has frequently 
stimulated the improvement of basic 
science and research.” 


U.S, Sees Health Gain 


At the meeting, which was attended 
by leading scientists and atomic energy 
officials of Latin American countries, 
the United States’ delegate, John J. 
Floberg of the AEC, said that atomic 
energy, chiefly through the use of ra- 


dioisotopes, can be expected to make 
great contributions in the field of health. 
Work in which radioisotopes are used 
to study human parasites has been un- 
der way for some years under the di- 
rection of Marcel Roche, who attended 
the Washington meeting as president of 
the Venezuelan delegation. 

Because it is expected the commission 
will develop relationships with other in- 
ternational groups dealing with atomic 
energy, the meeting was attended by a 
number of representatives of these or- 
ganizations, including Sterling Cole of 
the International Atomic Energy 
Agency. Others attending as observers 
were members of the National Acad- 
emy of Sciences, the United Nations 
Food and Agricultural Organization, 
and the Pan American Health Organ- 
ization. 

In addition to representatives of the 
U.S. and Venezuela, the meeting was 
attended by representatives of the fol- 
lowing countries: Argentina, Bolivia, 
Brazil, Colombia, Cuba, the Domini- 
can Republic, Ecuador, El Salvador, 
Guatemala, Mexico, Nicaragua, Peru, 
and Uruguay. 

As the last of its resolutions, the 
commission set 22 August 1960 as the 
date for its second meeting, to be held 
at the Pan American Union in Wash- 
ington, D.C. 

In one of the last addresses at the 
conference, Roche, who was elected 
vice chairman for the coming year, 
summarized the work done. 

“The general working plan for the 
coming year has been drafted. The 
seat of the next Inter-American sympo- 
sium and the topic of discussion has 
been selected. Valuable inter-American 
contacts for cooperation in future 
atomic energy programs have been 
established, and in some cases more 
detailed preliminary agreements have 
been reached. A working group has 
been established for the purpose of 
drafting a coordinated and complete 
plan for training, education, and re- 
search in nuclear sciences in America. 
The importance of the work of this 
group cannot be over-emphasized. We 
all know—and in the present meeting 
this has been repeatedly stated—that 
education in all fields is the first need 
of our Latin America, and that all our 
efforts are doomed to failure if we do 
not take vigorous steps to increase our 
technical capacity and to augment the 
number of men trained in science in 
our countries.” 
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President Transfers Elements of 
Army Rocket Center to Space Agency 


President Eisenhower decided last 
week to transfer all of the Army’s 
space activities to the National Aero- 
nautics and Space Administration. 
The action, if approved by Congress, 
will put Wernher von Braun’s team of 
scientists and engineers at the Army 
Ballistic Missile Agency in Huntsville, 
Ala., under civilian control and will 
remove the Army from the nation’s 
space exploration program. The move, 
widely anticipated by observers, came 
as the result of a meeting last week 
of the President with officials of the 
Department of Defense, NASA, the 
Bureau of the Budget, and his science 
adviser. 

In recent weeks, officials of the Eisen- 
hower administration have issued many 
public statements on the current posi- 
tion of the government on the issue of 
space activities and military prepared- 
ness; these statements, which were very 
similar in nature, represent the argu- 
ment behind the President’s decision. 
The argument, in brief, is this: the 
United States now has adequate rock- 
etry to meet its military needs; the de- 
velopment of high-thrust rockets, such 
as the Saturn project of the Army 
agency, would be superfluous to these 
needs; therefore, such projects, which 
are of value only for the exploration 
of space, should properly be under the 
agency which has responsibility for this 
activity, the civilian space agency. As 
the President put it during a press con- 
ference: “. . . [the] great booster is of 
no present use to the Defense Depart- 
ment. Its interest is in NASA, and 
that’s the reason that we have decided 
to take this very competent team of 
scientists, and this facility, the ABMA 
and put it into the space department 
so that it can get the kind of booster 
that it wants.” 

Comment on the executive action by 
the individuals concerned, members of 
Congress, and the press, was gener- 
ally favorable. Von Braun said in 
Huntsville that he looked forward to 
continuing efforts in a progressive pro- 
gram under the National Aeronautics 
and Space Administration. The retir- 
ing head of the Army agency, Gen- 
eral John B. Medaris, commented that 
he was “both pleased and _ relieved” 
that a definitive decision has been 
made. The day after the President’s 
decision, General Medaris began con- 
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ferences with T. Keith Glennan, ad- 
ministrator of NASA, to develop a 
plan for submission to Congress for 
the orderly transfer of control of the 
Army agency which, according to 
Glennan, will not be moved from the 
Huntsville site. 

Approval of the action also came 
from Senator Lyndon Johnson (D- 
Texas), chairman of the Special Sen- 
ate Committee on Space and Astro- 
nautics. It was “gratifying,” the Sen- 
ator said, “that the need for action 
has been recognized. But further ac- 
tion appears to be necessary.” Say- 
ing that the nation’s space program 
seems to lack “coordinated authority” 
and “a driver,” he ordered a prelim- 
inary Congressional inquiry. 

The inquiry might have a significant 
impact because Congress, by law, has 
veto power over the transfer of any 
military space activity to NASA. The 
view generally expressed in Washing- 
ton is that, after careful study, the 
House and Senate will approve the 
transfer. 

Out of the President’s press confer- 
ence following his decision came heart- 
ening news for the space agency which 
has suffered from uncertain financing. 
In reply to a question, the President 
said that the administration would ask 
for more funds for NASA for the 
next fiscal year. “Something more than 
we had last year,” he said. The Ad- 
ministration’s last budget estimate for 
NASA was $530 million, but Congress 
cut this figure by about $30 million. 
At the time of the cut Glennan warned 
that it would have severe effects on 
this country’s showing in space activi- 
ties. 





University Participation in 
International Affairs To Be Studied 


An independent national committee 
has been formed to study the participa- 
tion of American universities in inter- 
national education, research, and techni- 
cal assistance. The new group, known as 
the Committee on the University and 
World Affairs, consists of nine leaders 
from universities, government, business, 
and foundations. Its chairman is J. L. 
Morrill, president of the University of 
Minnesota. 

The committee has the strong interest 
and encouragement of the Secretary of 
State. His representative, Robert H. 
Thayer, Special Assistant to the Secre- 


tary for the Coordination of Inter- 
national Educational and Cultural Re- 
lations, was instrumental in bringing 
about establishment of the new group. 


Report Scheduled for 1960 


The committee, in a report that it 
expects to issue in 1960, will recom- 
mend ways in which the traditional con- 
cept of the American university can be 
adapted, in principle and in practice, to 
present-day relations of the United 
States with other nations. In the course 
of preparing its report, the committee 
will examine the educational and re- 
search work of universities related to 
international affairs, the role of the uni- 
versities in assisting foreign countries to 
develop educational and research insti- 
tutions and the cooperation of universi- 
ties in government technical-assistance 
programs and in programs for the ex- 
change of students and faculty. 

The Ford Foundation has appropri- 
ated funds for the committee’s research, 
operating, and publication expenses. The 
group will be independent of the foun- 
dation, however, and its recommenda- 
tions will be entirely its own. 

In addition to Morrill, the members 
of the committee are as follows: Harold 
Boeschenstein, president, Owens-Corn- 
ing Fiberglas Corporation; Harvie 
Branscomb, chancellor, Vanderbilt Uni- 
versity; Arthur S. Flemming, Secretary 
of Health, Education, and Welfare; 
Senator J. W. Fulbright, chairman of 
the Senate Foreign Relations Com- 
mittee; John W. Gardner, president, 
Carnegie Corporation of New York; 
Franklin D. Murphy, chancellor, Uni- 
versity of Kansas; Philip D. Reed, chair- 
man of the Finance Committee, Gen- 
eral Electric Company; and Dean Rusk, 
president, Rockefeller Foundation. 
Ralph J. Bunche, under secretary for 
special political affairs of the United 
Nations will serve as consultant. 

Since World War II, American uni- 
versities have expanded their interna- 
tional interests. According to statistics 
compiled by the Institute of Interna- 
tional Education, 47,245 students from 
131 foreign countries were studying on 
American campuses in 1958-59. In 
addition, 1937 foreign professors, lec- 
turers, and research scholars were on 
the faculties of 288 Amezican institu- 
tions. On the other hand, 1842 faculty 
members from 367 American colleges 
and universities were in teaching, re- 
search, or consultive assignments in 82 
foreign countries. 
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The new committee’s primary objec- 
tive will be to make policy recommenda- 
tions to both universities and the gov- 
ernment for more effective participation 
by American educational institutions in 
international affairs. 





AAAS-Westinghouse Science 
Writers Contest Draws 166 Entries 


Science writers whose work appears 
in American newspapers and magazines 
have submitted 166 articles for the 
AAAS - Westinghouse Science Writing 
Awards competition. A prize of $1000 
for the best article appearing in each 
type of publication will be awarded at 
the annual AAAS meeting in Chicago 
this December. 

Of the entries submitted, 102 were 
articles that appeared in magazines be- 
tween 1 October 1958 and 30 Septem- 
ber 1959, the time span for the contest, 
and 64 were newspaper stories. Some 
participants submitted multiple entries. 

A committee composed of Hillier 
Kriegbaum, department of journalism, 
New York University; Sidney Negus, 
department of biochemistry, Medical 
College of Virginia; and James Stokley, 
school of journalism, Michigan State 
University will screen the entries. Seven 
judges will choose the two prize-win- 
ning articles from those selected by the 
committee. In addition to the $1000 
prizes, citations will be awarded to the 
newspaper and magazine in which the 
articles appeared. At the discretion of 
the judges, special citations also may be 
awarded for distinguished service in 
science journalism. 

The judges are: Graham DuShane, 
editor of Science; Earl English, dean 
of the school of journalism at the Uni- 
versity of Missouri; Caryl Haskins, 
president of the Carnegie Institution of 
Washington; James A. Linen, publisher 
of Time; Morris Meister, president of 
Bronx Community College; Alan T. 
Waterman, director of the National 
Science Foundation; and J. Russell Wig- 
gins, vice president and executive edi- 
tor, Washington Post and Times Herald, 
and president of the American Society 
of Newspaper Editors. 


“Century 21” Postponed until 1962 


The international Century 21 Exposi- 
tion, originally scheduled to open in 
Séattle, Wash., in May 1961, will open 
instead in April 1962. This world fair 
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will emphasize science and its relation- 
ship to the development of man. On 
9 September Congress allocated $9 mil- 
lion for federal participation, the 
largest amount ever appropriated for 
an international exposition in the United 
States. On the following day Century 21 
launched a study to examine the exposi- 
tion’s time schedule as it related to 
building and exhibit design and con- 
struction, and to the equally important 
matter of obtaining significant participa- 
tion from U.S. industry, foreign govern- 
ments, and other potential exhibitors. 

The 3-week study was completed by 
1 October, after correspondence and 
conferences with representatives of 
foreign governments, U.S. industry, the 
National Science Planning Board, the 
U.S. Department of Commerce, the 
General Services Administration, and 
others who have a role in organizing 
the exposition. On the basis of the re- 
port of the study, the exposition officers 
and steering committee have recom- 
mended the later opening date. Con- 
currence in this action has been ob- 
tained from the U.S. Department of 
Commerce; Frélich Rainey and mem- 
bers of the National Science Planning 
Board; the General Services Adminis- 
tration; Allen Beach, deputy director of 
the exposition; and various interested 
U.S. industries. 

The Department of Commerce has 
appointed an architect to plan the fed- 
eral science pavilion and is beginning 
work on the comprehensive exhibit- 
design program made possible by the 
Congressional appropriation. 

The General Services Administration 
will direct the design and construction 
of the federal science pavilion. 

Beach met recently in Washington 
with representatives of foreign embas- 
sies. In July these embassies received 
their first formal invitations from the 
U.S. State Department. Beach’s report 
showed that most foreign governments 
that are now expressing interest in be- 
coming exhibitors are convinced they 
will need additional time to obtain ex- 
hibit funds from their legislative bodies. 

Various U.S. industries have been 
awaiting federal action which would 
determine whether Century 21 is to be 
an international exposition or merely 
a regional fair. Representatives of these 
industries point out that their 1960 
budgets are now being completed. If 
their exhibits are to be of international- 
exposition caliber, special appropria- 
tions from their boards will be neces- 
sary. 





Physician-Population Ratio Declining 


The Public Health Service reports 
that the ratio of physicians to popula- 
tion in the United States, which has 
ranged between 131 and 135 per 100,- 
000 persons for 20 years, will drop to 
126 per 100,000 by 1975 unless the rate 
of graduating students increases sub- 
stantially. The number of dentists per 
100,000 persons in the population will 
decline even more sharply. These pre- 
dictions are provided by a recent PHS 
publication, Health Manpower Source 
Book, Section 9: Physicians, Dentists, 
Nurses, which describes trends in the 
education, location, and specialization 
in the professions named. 

In the academic year 1958-59, the 85 
medical schools in the United States 
graduated 6895 physicians. To main- 
tain the present physician-population 
ratio, U.S. medical schools would need 
to graduate about 10,360 students by 
1975 —nearly 3000 above the 7410 
graduates currently predicted for that 
year. 

The 47 dental schools in the United 
States graduated 3083 dentists in the 
academic year 1957-58. Despite the ad- 
dition of eight new dental schools since 
World War II and large increases in the 
number of graduates, the ratio of den- 
tists to population remains below pre- 
World War II levels. This decline is ex- 
pected to continue. To regain the cur- 
rent dentist-population ratio, about 2700 
more dental graduates above the num- 
ber currently predicted will be needed 
in 1975. This requires a 75-precent in- 
crease in the number of dental students 
who, according to present estimates, will 
be graduated during that year. 

According to the report, the ratio of 


dentists was 62 per 100,000 people in | 


1940, 57 in 1958, and is expected to de- 
cline to about 50 per 100,000 in 1975. 


Belvedere Fund Established 


Belvedere Scientific Fund has been 
established in San Francisco to support 
activities and provide grants in the fields 
of natural science. Present interest is 
centering upon Baja California, Mexico. 
Scientific director of the fund is Ira L. 
Wiggins, who is on leave from Stanford 
University. 

The fund, in cooperation with the 
California Academy of Sciences, began 
investigations of the natural history of 
Baja California in the autumn of 1958. 
Two extended overland expeditions and 
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several brief reconnaissance trips have 
already been completed, and additional 
exploratory work is under way. The 
initial project will place primary em- 
phasis on botanical research in that 
area, but it is expected that future proj- 
ects will be undertaken in other dis- 
ciplines and in other areas. 

Under a grant from the fund, it is 
expected that the California Academy 
of Sciences will substantially expand its 
present library on all phases of the na- 
tural history and resources of Baja 
California. Donations to, exchanges 
with, or information about items that 
might be added to this library will be 
welcome. Correspondence about such 
items and inquiries about the research 
program should be addressed to: Bel- 
vedere Scientific Fund, 155 Sansome 
St., San Francisco 4, Calif. 


National Observatory Announces 
Visiting Scientist Programs 


The National Radio Astronomy Ob- 
servatory was established by the Na- 
tional Science Foundation to make 
available to scientists from any institu- 
tion facilities for research in radio astro- 
nomy. The observatory now has in 
operation a radio telescope of 85-foot 
diameter, together with receivers for 
work at various wave-lengths in the 
range 75 to 3.75 cm. The facilities of 
the observatory are open to any com- 
petent scientist with a program of work 
in radio astronomy, regardless of in- 
stitutional affiliation. 

A scientist who wishes to undertake 
work at the observatory should apply 
by letter to the Director, National Radio 
Astronomy Observatory, P.O. Box 2, 
Green Bank, W. Va. The letter should 
contain a description of the program 
to be carried out, including a statement 
of the objects to be investigated and 
their positions, expected flux densities 
or antenna temperatures, the receivers 
to be used, any additional or special 
equipment that will be needed, and the 
investigator’s estimate of the time re- 
quired for the program. 

The observatory also invites inquiries, 
from any scientist interested in radio 
astronomy, concerning the opportunities 
and facilities available. No previous ex- 
perience in the techniques of radio 
astronomy is necessary. 

The National Radio Astronomy Ob- 
Sservatory is operated by the Associated 
Universities, Inc., under contract with 
the National Science Foundation. 
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Grants, Fellowships, and Awards 


Fertility. The Lalor Foundation has 
announced its 1960 program of awards 
for research in the biological sciences. 
These awards will be for support of re- 
search on the fundamental biochemical 
and physiological mechanisms _con- 
cerned with fertility and reproduction 
in various forms of life. The objectives 
are to further the knowledge and under- 
standing of the basic phenomena in- 
volved and to extend and develop the 
possibilities for effective regulation and 
control. 

The awards may range up to $8000 
per year, depending upon the scope and 
duration of the projects approved. Pref- 
erence will be given to younger mem- 
bers of university and college staffs, 
with an upper age limit of 45 years. 
Proposed work may be carried on at the 
applicant’s own institution or elsewhere. 

The foundation will also grant post- 
doctoral summer or short-term research 
awards at the Marine Biological Lab- 
oratory at Woods Hole, Mass., or else- 
where, for appropriate projects in the 
fields specified. For these awards, the 
stipends will ordinarily not exceed $900 
for a single man or woman, $1100 for 
a married man working at his home in- 
stitution, and $1250 for a married man 
with principal program at another in- 
stitution. 

Requests for information and for ap- 
plication forms should be directed to the 
Lalor Foundation, 4400 Lancaster Pike, 
Wilmington 5, Del. The final date for 
receipt of executed application forms, 
complete with supporting data, is /5 
January 1960. Notification of appoint- 
ment will be on or before 75 March. 
The 1960 program follows closely the 
pattern of the current 1959 program, 
under which 27 awards were granted. 

Pharmacognosy. The American Foun- 
dation for Pharmaceutical Education 
has announced the Edwin Leigh New- 
comb Memorial Awards in Pharmacog- 
nosy. Published papers may be sub- 
mitted, but they must represent work 
published not more than 1 year prior 
to its receipt by the awards committee. 
For information, write to Dr. H. W. 
Youngken, Massachusetts College of 
Pharmacy, 179 Longwood Ave., Bos- 
ton 15, Mass. 

Teaching equipment. The National 
Science Foundation has announced that 
31 December is the deadline to apply 
for awards under its program to en- 
courage mathematicians, scientists, and 
engineers to devise new laboratory 


equipment for school and college 
courses. The objective of the program is 
to aid competent scientists to develop 
new equipment of potentially wide use- 
fulness. Grantees are expected to supply 
teachers with full information about 
apparatus they devise. Such information 
is commonly distributed in the form of 
reports, articles in professional journals, 
and presentations at professional meet- 
ings. Once equipment has been de- 
veloped, grantees are expected, as well, 
to permit interested commercial sup- 
pliers to enter negotiations for produc- 
tion and marketing. Further information 
may be obtained from the Course Con- 
tent Improvement Section, National Sci- 
ence Foundation, Washington 25, D.C. 

Women. The American Association 
of University Women has prepared a 
list of its graduate fellowships and in- 
ternational grants for 1960-61. This 
may be obtained from the Committee on 
Fellowships Awards, American Asso- 
ciation of University Women, 1634 I St. 
NW, Washington 6, D.C. The applica- 
tion deadline for most of the awards is 
1 December. 


News Briefs 


The reactor for this country’s first 
full-scale, privately financed nuclear 
power station has sustained its first 
chain reaction, according to a joint an- 
nouncement by the General Electric 
Company and the Commonwealth Edi- 
son Company. Criticality was reached 
at the Commonwealth Edison Dresden 
nuclear power station 50 miles south- 
west of Chicago after engineers placed 
the 28th fuel element in the reactor 
core. When completely loaded, the core 
will contain 488 such elements. Gen- 
eral Electric designed and built Dres- 
den for the Commonwealth Edison 
Company and the cosponsoring Nuclear 
Power Group, Inc., which has seven 
members in addition to Commonwealth 
Edison. 

* * ok 

A national tabulation of malforma- 
tions at birth will be started in 1960 by 
the Office of Vital Statistics. The pro- 
gram resulted largely from the wide 
interest in the hereditary effect of radio- 
activity. 

* a at 

Fellowships in the Arts and Sciences 
1960-61, edited by Virginia B. Potter, 
was published on 5 October by the 
Association of American Colleges. This 
is the third annual edition of this direc- 
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tory of fellowships offered by govern- 
ment, foundations, industry, and other 
sources outside of universities. Copies 
of the book may be obtained at $3.75 
from the Publications Division of the 
American Council on Education, 1785 
Massachusetts Ave., NW, Washington 
6; D.C. 
* bad * 

A set of final examinations given at 
the Russian 10-year school was includ- 
ed in testimony on Soviet education pre- 
sented by Vice Admiral Hyman Rick- 
over to the House Appropriations 
Committee at hearings last August. Re- 
cently the printed transcript containing 
the examinations was made available. 
Normal circulation for such a record is 
1000 copies; however, within 10 days 
the committee had received requests 
for more than 5000 copies. 

Bo * a 

An exchange program between the 
Czechoslovak Academy of Sciences and 
the Waldemar Medical Research Foun- 
dation is now in progress. Three sci- 
entists from the Czechoslovak Academy 
will pursue their researches at the foun- 
dation’s Port Washington, N.Y., labora- 
tories during the 1959-60 period, and 
in 1960-61 representatives of the Wal- 
demar laboratory will conduct studies 
in Czechoslovakia. These studies are 
concerned with problems of tumor im- 
munity, immunotherapy, and the patho- 
physiology of the host-tumor relation- 
ship. 

% 1 * 

Funds for the performance of re- 
search and development in private in- 
dustrial firms totaled $7.2 billion in 
1957, according to a National Science 
Foundation report, Funds for Research 
and Development Performance in 
American Industry, 1957. Of this 
amount, more than half was accounted 
for by two industries: the aircraft in- 
dustry and the electrical equipment in- 
dustry. Total performance of research 
and development in private firms in- 
creased about one-fifth between the 2 
years covered, 1956 and 1957, from 
$6 billion to $7.2 billion. The survey 
also showed that during 1957 $3.7 bil- 
lion, or slightly more than one-half of 
the total research and development per- 
formed by private industrial firms, was 
financed by the Federal Government. 

ad bd * 

Massachusetts General Hospital, Bos- 
ton, has received a gift of $1 million 
from the Joseph P. Kennedy, Jr. Me- 
morial Foundation for the establish- 
ment of the Joseph P. Kennedy, Jr. 
Laboratories for Research on Mental 
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Retardation. Half of the amount will be 
spent for the construction of the labo- 
ratories and the other half will serve 
as an endowment to provide continu- 
ing operating funds. The new research 
unit will be concerned with the causes, 
treatment, and prevention of diseases 
of the brain occurring during infancy 
and childhood. The work will be di- 
rected by Raymond D. Adams, the 
hospital’s chief of neurology and Bul- 
lard professor of neuropathology, Har- 
vard Medical School. 
e & ©@ 

A monograph entitled “The Analysis 
of Fatty Acid Mixtures by Gas-Liquid 
Chromatography: Construction and 
Operation of an Ionization Chamber 
Instrument,” by John W. Farquhar et 
al. of the Rockefeller Institute, was 
published as a separate supplement to 
the August issue of Nutrition Reviews. 
Reprints of this 30-page, illustrated 
pamphlet are available, free, from the 
publisher of Nutrition Reviews, the 
Nutrition Foundation, Inc., 99 Park 
Ave., New York 16, N.Y. 

ok 2 * 

A United States exhibit describing 
the historical development and use of 
high-speed computers in information 
processing has begun a tour of French 
universities and other European educa- 
tional centers. The exhibit, “Progress 
in Information Processing,” was pre- 
pared by the National Science Founda- 
tion in cooperation with other govern- 
ment agencies and with industrial 
groups. The tour is sponsored by the 
U.S. Information Services. Showings 
also have been arranged at meetings 
and institutions in the United States. 

* * ae 

A “Summary-Analysis” of hearings 
on industrial radioactive waste disposal 
was released recently by the Joint Con- 
gressional Committee on Atomic Ener- 
gy. The publication reviews the major 
points developed during hearings held 
during January, February, and July 
1959, by the Special Subcommittee on 
Radiation, under the Chairmanship of 
Representative Chet Holifield (D-Calif.). 

* * * 

According to Peking radio, scientists 
in mainland China have discovered a 
well-preserved lower jaw of a Peking 
woman, a human being who lived half 
a million years ago. The jaw was exca- 
vated by a team from the Institute of 
Vertebrate Paleontology of the Chinese 
Academy of Sciences in a cave at 
Choukowtien, outside of Peiping, where 
the first fossils of Peking man were 
found in 1929, 





Scientists in the News 


Hans A. Bethe, theoretical physicist, 
who in 1938 developed the theory that 
the carbon-nitrogen cycle is instrumen- 
tal in the sun’s energy production, has 
been named recipient of the Franklin 
Medal, highest award of the Franklin 
Institute. Bethe, who is the John Wen- 
dell Anderson Professor of Physics at 
Cornell University, received the medal 
at formal institute ceremonies on 21 
October. 


Wallace R. Brode, science adviser to 
the Department of State, was named 
president-elect of the Optical Society of 
America at its 44th annual meeting. He 
will succeed James G. Baker, consultant 
to the Harvard University Observatory, 
who is president of the society for 
1960. 


Armin C. J. Braun has been ap- 
pointed a member and professor of the 
Rockefeller Institute. Braun, a plant 
physiologist, has been at the Institute 
since 1938. Among other honors, he 
has received the Newcomb Cleveland 
prize of the AAAS, which was pre- 
sented at the 1949 Annual Meeting. 


John P. Conrad, professor of agron- 
omy at the University of California, 
Davis, retired 1 October after 38 years 
of service. In 1947, Conrad was chosen 
Faculty Research Lecturer at Davis in 
honor of his work on soils and crop- 
yield relationships. His studies have in- 
cluded effects of crop residues on yields 
of following crops and basic work on 
soil enzymes. 

Conrad expects to leave this month 
for a 2-year assignment in Panama City, 
where he will be curriculum adviser to 
a new College of Agriculture at the 
University of Panama. 


The following individuals have re- 
ceived the Special 1959 Albert Lasker 
Awards for Extraordinary Public Serv- 
ice to the nation’s health: Senator Lister 
Hill (Alabama), chairman of the Senate 
Committee on Labor—Health, Educa- 
tion, and Welfare Appropriations; 
Representative John E. Fogarty (Rhode 
Island), chairman of the House Sub- 
Committee on Labor—Health, Educa- 
tion, and Welfare Appropriations; 
Maurice Pate, executive director, 
United Nations Children’s Fund, New 
York; John Holmes Dingle, Western 
Reserve University Medical School, 
Cleveland; Albert Coons, Harvard Uni- 
versity Medical School, Cambridge; 
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Jules Freund, National Institutes of 
Health, Bethesda, Md.; Gilbert Dall- 
dorf, The National Foundation, New 
York, and formerly head of research 
laboratories, State Department of 
Health, Albany, N.Y. 


The Franklin Institute has awarded 
the Frank P. Brown Medal posthu- 
mously to Hardy Cross, a former Yale 
professor, whose original moment dis- 
tribution method revolutionized the de- 
sign procedures for reinforced-concrete 
structures. The medal citation to Cross, 
who died in February of this year, 
reads: “For his outstanding career as a 
teacher, especially of engineering stu- 
dents during the past fifty years at 
Hampden-Sydney College, Brown Uni- 
versity, the University of Illinois, and 
Yale University; for his many contribu- 
tions to professional publications dur- 
ing this time; and finally for his original 
and later supplementary papers on the 
moment distribution method of analyz- 
ing indeterminate structures.” 


Navy Distinguished Public Service 
awards were recently made to Law- 
rence Gould, president of Carlton Col- 
lege, Northfield, Minn.; Herbert Wexler 
of the United States Weather Bureau: 
and Hugh Odishaw of the National 
Academy of Sciences. The awards were 
given to the three civilian scientists for 
their direction of International Geophys- 
ical Year programs. 


Vincent dePaul Goubeau, vice presi- 
dent and director of materials of the 
Radio Corporation of America, recent- 
ly received the Howard Coonley Medal 
of the American Standards Association. 
William L. Barth, retired head of the 
engineering standards section of Gen- 
eral Motors Corporation and executive 
secretary of the standards committee, 
received the association’s Standards 
Medal. The two gold medals were 
presented at an award dinner 21 
October in conjunction with the Tenth 
National Conference on Standards. 


Arthur Chovnick, assistant director 
of the biological laboratory of the Long 
Island Biological Association of Cold 
Spring Harbor, has been appointed di- 
rector. He will succeed M. Demerec 


upon the latter’s retirement on i July 
1960. 


C. William Besserer and Floyd E. 
Nixon have joined Prentice-Hall, Inc. 
as coeditors of the Space Technology 
Series. 
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Louis G. Henyey has been appointed 
director of the Leuschner Observatory 
and chairman of the department of 
astronomy at the University of Cali- 
fornia, Berkeley. He succeeds Otto 
Struve, who has taken a leave of ab- 
sence from the University to serve as 
director of the National Radio Astron- 
omy Laboratory at Green Bank, W. Va. 


John F. Morse has been appointed 
chief of the student-loan program under 
the National Defense Education Act. 
Morse, who will be on leave as vice 
president of Rensselaer Polytechnic In- 
stitute, in Troy, N.Y., succeeds Peter P. 
Muirhead, now director of the financial 
aid branch of the Office of Education’s 
Division of Higher Education. 


Sylvan Wallach, assistant project 
manager with Gibbs and Cox, Inc., has 
been named manager of the theoretical 
department of Associated Nucleonics, 
Inc., a subsidiary of Stone and Webster 
Engineering Corporation. He will be re- 
sponsible for reactor physics, shielding, 
hazards analyses, and related work per 
formed as part of the company’s con- 
sulting services in the nuclear field. 


The 1958 Wien Award for oustand- 
ing contributions to the science of can- 
cer cytology will be presented to John 
R. Heller at a citation dinner to be 
held 7 November. The award is made 
annually to the scientist whose work 
or projects represent “outstanding re- 
search in cancer cytology.” The award 
consists of $1000 cash and a bronze 
plaque. 


Loren Eisely, anthropologist, re- 
signed 16 October as chairman of the 
department of anthropology at the Uni- 
versity of Pennsylvania, to become pro- 
vost of the university. He will continue 
as a professor in the department. 


The following scientists will receive 
awards at the 41st National Metal Ex- 
position and Congress of the American 
Society for Metals, to be held 2-6 No- 
vember in Chicago. 

Rene Perrin, president and board 
chairman of Ugine Steelworks, France, 
will receive the Albert Sauveur Award. 

John L. Atwood, president of the 
North American Aviation, Inc., will re- 
ceive the ASM Medal for the Ad- 
vancement of Research. 

Matthew A. Hunter, dean emeritus 
of Rensselaer Polytechnic Institute, will 
receive the 1959 Gold Medal of the 
ASM. 


Recent Deaths 


Fred W. Borden, San _ Francisco, 
Calif.; 65; inventor of the standard x- 
ray stereoscope, a device for three- 
dimensional viewing of x-rays, and the 
Borden Hemorrometer, an instrument 
for continuous measurement of blood 
lost during surgery; 24 Sept. 

Wheeler P. Davey, University Park, 
Pa.; 73; retired research professor of 
physics and chemistry at Pennsylvania 
State College; author of A Study of 
Crystal Structure; 12 Oct. 

Nathan L. Drake, Riverdale, Md.; 
60; University of Maryland professor 
of chemistry and chairman of the de- 
partment; 13 Oct. 

Harry D. Kitson, Mishawaka, Ind.; 
73; retired professor of psychology, 
Teachers College, Columbia University, 
and a specialist in vocational guidance; 
author of How to Use Your Mind; 25 
Sept. 

Paul Kosok, New York; 63; archeo!- 
ogist and former chairman of the de- 
partment of history and government at 
Long Island University; author of Land, 
Water, and Life in Ancient Peru; 4 Oct. 

Benno E. Lisher, St. Louis, Mo.; 83; 
dean emeritus of the Washington Uni- 
versity School of Dentistry; 9 Oct. 

Julian D. Loudon, Toronto, Canada; 
78; retired chief physician at St. 
Michael’s Hospital and author of many 
medical papers; 16 Oct. 

Bela Mittelmann, New York; 60; psy- 
choanalyst and research psychiatrist; 
visiting professor at the Albert Einstein 
College of Medicine; 4 Oct. 

Julia E. Moody, Natick, Mass.; 90; 
professor emeritus of zoology at Welles- 
ley College; 16 Oct. 

Gottfried Neumann, New York, 
N.Y.; 58; assistant professor of gynecol- 
ogy and obstetrics at New York Uni- 
versity—Bellevue Medical Center, and 
chief of the Sterility Clinic at Bellevue 
Medical Center; 26 Sept. 

Frederick H. Paulson, Warwick, R.I.; 
61; former director of the American 
Society of Civil Engineers; 29 Sept. 

Frank P. Shepard Jr., Greenwich, 
Conn.; 39; assistant professor of pa- 
thology at Columbia University; 14 
Oct. 

Paul Welch, Ann Arbor, Mich.; 77; 
professor emeritus of zoology at the 
University of Michigan; noted research- 
er in entomology and limnology; author 
of a textbook Limnology; 1 Oct. 

O. B. Williams, Austin, Texas; 64; 
chairman of the department of bac- 
teriology at the University of Texas; 
23 Sept. 
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The Child, the Parent, and the State. 
James Bryant Conant. Harvard Uni- 
versity Press, Cambridge, Mass., 
1959. 211 pp. $3.50. 


James Bryant Conant holds a unique 
position in American education. He is 
the only contemporary American of 
international renown as a scientist, uni- 
versity president, and statesman who 
has chosen, over the years, to devote 
a major portion of his energies to the 
improvement of education at the pre- 
university level. Other scientists and 
scholars have expressed surprise at this 
diversion of his energies and doubt that 
a study of the American high-school 
provides the best use of the talents of 
a man of Conant’s stature. But these 
doubters reveal an ignorance of history 
and a failure to recognize what is most 
important in determining the course of 
America’s future. Conant’s choice 
would not have seemed strange or 
irrelevant to such men as Jefferson and 
Franklin, for they also accepted it as 
a responsibility of statesmen and men- 
of-affairs to think long and deeply about 
the problems of educating free men 
and to make vigorous recommendations 
for improving the people’s schools. 
When the history of 20th-century 
America is written, it may well be that 
Conant’s contribution to secondary 
education will be given equal place 
with his contributions to other fields. 

Already his influence is enormous. All 
across the land school boards, citizens’ 
committees, and groups of teachers and 
educational leaders are discussing the 
Conant report, The American High 
School Today, which appeared last 
winter, and in many schools his recom- 
mendations are being put into practice 
this fall. 

This, in itself, is an interesting com- 
mentary on the state of American edu- 
cation. It seems clear that the American 
people have grown weary of the endless 
debate over the schools, the sharply 
critical attacks, and the querulous re- 
plies that the critics are unfair or don’t 
know what they are talking about. The 
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people know that something is wrong; 
now they want to be told what to do 
about it, but they do not trust either 
the educators or their critics to tell 
them. They do trust Conant, a man of 
unquestioned integrity, enormous pres- 
tige, and considerable educational ex- 
perience, who has no axes to grind. 

In The Child, the Parent, and the 
State, which may be considered a supple- 
ment to the report that became a best- 
seller last spring, he repeats his pleas for 
the elimination of small high-schools, for 
better guidance, for four years of for- 
eign language for those who take any 
at all, and for ability-grouping with 
special programs for the academically 
talented within the framework of the 
comprehensive high-school. But the 
present book goes more deeply into the 
problems of secondary education both 
here and abroad and examines these 
problems in their historical perspective. 

Conant’s account of the revolutionary 
transformation of the American high- 
school between 1905 and 1930 is in- 
formed and perceptive. He gives atten- 
tion to the social forces that caused the 
change, as well as to some of the in- 
dividuals who played a part in fostering 
it. He discusses the secondary schools 
of England, Prussia, France, and Rus- 
sia, the governmental framework within 
which the schools in these countries 
operate, and the effect of these schools 
on the national character. Khrushchev’s 
“Memorandum on school reorganiza- 
tion” (September, 1958) and the Soviet 
“Law on school organization” are in- 
cluded in the appendixes. 

Although he does not underestimate 
European education, Conant sees in the 
public comprehensive high-school a 
distinctly American institution, uniquely 
suited to our needs and purposes, and 
he concludes that it would be unwise, 
and probably impossible, for us to 
adopt any European pattern. Adoption 
of such a pattern would require drastic 
changes in the laws that govern em- 
ployment of juveniles and the age of 
leaving school, the establishment of a 
national examination system for select- 


ing students for the various secondary 
schools, and the abolishment of the 
liberal arts college, which is not found 
in Europe, where students go directly 
from secondary school to the university. 
“Anyone who wishes to take on seri- 
ously a reform movement to bring 
about any one of the changes I have 
listed is welcome to the job. To my 
mind he wouldn’t get to first base, nor 
should he.” 

In discussing European education, 
Conant draws upon his own extensive 
experience abroad. In discussing Ameri- 
can schools, he speaks from the back- 
ground of personal visits to more than 
50 high-schools in all parts of the 
country and the reports of his able staff 
on many others. ; 

Conant relies heavily upon these ob- 
servations and defends the empirical 
approach, while expressing a distrust 
of the deductive method of thinking 
about educational problems. “When 
someone writes or says that what we 
need today in the United States is to 
decide first what we mean by the word 
‘education,’ a sense of distasteful weari- 
ness overtakes me. I feel as though I 
were starting to see a badly scratched 
film of a poor movie for the second 
or third time. In such a mood, I am 
ready to define education as what goes 
on in the schools and colleges, and I 
am more inclined to examine the past 
and present practices of teachers than 
to attempt to deduce pedagogical pre- 
cepts from a set of premises.” 

This operational definition of educa- 
tion will delight many educators, but in 
it lies a danger. It is quite true that it is 
risky for the scholar in his ivory tower 
to try to deduce educational principles 
and recommend practices without going 
out to observe schools and children. But 
it is equally dangerous for the practical 
man to draw conclusions on the basis 
of observations alone, without first 
doing some hard thinking about the 
nature of the good life, the aims and 
purposes of education, and the proper 
limitations of the school’s responsibility. 

If he were innocent of basic princi- 
ples and deductive logic, a man might 
observe schools for many years and still 
conclude that cheer-leading is just as 
important as mathematics. Conant 
makes no such mistake, of course, be- 
cause he is a wise man who has done 
some hard thinking about education. 
But a lesser educator, using the pro- 
cedures Conant seems to recommend, 
might come to some very dangerous and 
misleading conclusions and justify them 
on the basis of his own long experience 
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and extensive observations. This has 
frequently happened in the past. 

The basic question raised in this 
book, and the one that provides the 
title, is whether the ultimate responsi- 
bility for education should rest with 
the state, the parent, or the child. Tra- 
ditionally, in our society, the parent has 
been responsible, although the state has 
long required him to send his child to 
some kind of a school. But during the 
first half of this century, with the 
coming of the elective system and the 
increased permissiveness of parents, 
more and more responsibility has been 
placed on the student to choose his own 
path. The result has been that many 
able students chose the easy subjects 
in high school and some dropped out of 
school before their talents had been 
fully developed. 

“World War II,” says Conant, “pro- 
vided the first shock to citizens and 
to educators who started from the 
premise of the independence of each 
child if not of each parent. What was 
accomplished or not accomplished in 
school or college obviously did have a 
great deal to do with winning the war 
in the shortest time and with the mini- 
mum expenditure of lives. There was, 
for the time being at least, an over- 
riding state interest... .” 

The launching of the sputnik and the 
development of intercontinental ballis- 
tic missiles by the Russians aroused 
fresh public interest in the quality of 
our education, and it now seems ob- 
vious to many Americans that our na- 
tional survival, as well as social prog- 
ress, requires that talented students be 
educated to the upper limits of their 
abilities. -In the secondary school Co- 
nant proposes a rigorous academic 
program for these students, but who 
is to require that they take it? His con- 
clusion is that such a program should 
be made available, but that “There is 
no way in a free country by which 
organized society can require bright 
students to study hard. . . .A climate of 
opinion must be created which brings 
forth in each young person a strong 
desire to do his or her best in school. 
Then the school must, in turn, provide 
the challenging courses and provide a 
variety so that not only the academi- 
cally talented but all pupils will feel 
their studies are worthwhile.” 

Such a climate of opinion might 
seem to require a deemphasis on non- 
intellectual and recreational activities in 
the school. Gresham’s Law works in 
education as well as in economics, and 
one way to keep students out of soft 
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courses and time-wasting activities is 
to not make them available. But Conant 
proposes no such deemphasis. He waiits 
an even greater variety of offerings to 
meet the total range of abilities and 
interests, and a still greater variety of 
vocational courses. He counts on im- 
proved guidance programs to keep 
talented students out of the soft courses 
and the inappropriate vocational 
courses. 

None of Conant’s proposals are very 
revolutionary, nor, apparently, are they 
intended to be. His program for the 
talented 15 percent is not greatly 
different from that long recommended 
for admission to the more selective 
colleges, except that Conant proposes 
four years of mathematics and four 
years of a single foreign language. He 
gives little special attention to the large 
number of students who fall below the 
upper 15 percent, but who, nevertheless, 
will go to college. This is a serious 
omission for already well over 30 per- 
cent of high-school graduates go on to 
college, and the percentage rises each 
year. It seems unwise to encourage, or 
even to allow these students, many of 
whom will enter teaching or other pro- 
fessions, to take easy courses or voca- 
tional courses in high school. Conant’s 
proposed required program for the less 
talented 85 percent is similar to that 
now required in many high schools: 
four years of English, three or four of 
social studies (including two of his- 
tory), one of mathematics, and one of 
science, with the remainder of the time 
to be filled in with electives, including 
vocational courses. His emphasis on 
ability-grouping is sound, but this, too, 
is now found in many schools, and the 
practice is spreading. 

While Conant calls for “immediate 
action to improve the high school,” he 
believes that “The road to better schools 
might be considered merely a widening, 
straightening, and improvement of the 
present rather overgrown and winding 
lane along which most children wan- 
der.” This will give comfort to many 
who have defended the present system, 
or lack of system, for it suggests that 
nothing really basic is wrong and that 
all necessary improvements can _ be 
made without a change in the present 
pattern of education. 

The question must be asked whether 
Conant’s proposals really get to the 
heart of the problem of educational 
quality. He is right in saying that we 
cannot adopt any European system, that 
we must work within the framework of 
our own form of democracy and must 


provide for the full range of individual 
differences. But some of us who have 
struggled with these problems for many 
years are convinced that merely 
“widening, straightening, and improv- 
ing,” is not enough: we are convinced 
that the time has come for a more 
thorough overhaul that will include the 
junior as well as the senior high-school, 
provide for better articulation of sec- 
ondary education with that which comes 
before and after, and prepare bright 
students for college a year or two 
earlier. 

The changes that are needed, and in 
all probability soon will come, will go 
far beyond the Conant proposals and 
will include improvements in the 
teaching-learning process, as well as 
changes in school organization. They 
will include a reallocation of space, 
time, and personnel in the schools, the 
introduction of team-teaching, more and 
better instruction by television, and the 
use of teaching machines where appro- 
priate, so that the teacher’s time can be 
used more effectively. These changes 
will provide better education for the 
rural child without requiring him to 
spend many futile hours each day on 
a school bus. 

New and better kinds of teachers will 
be necessary, and these will be devel- 
oped through improved approaches to 
teacher-education, including the Master 
of Arts in Teaching program which 
Conant himself introduced when he 
was president of Harvard. 

If this vision of the future becomes 
reality, Conant’s proposals for the im- 
provement of the American high-school 
will, by 1970, seem modest indeed. 
But The Child, the Parent, and the 
State will long be read as a wise and 
scholarly analysis of the problems of 
secondary education in a democracy. 

PAUL WoopRING 
Ford Foundation, 
New York, New York 


Tree Maintenance. P. P. Pirone, Oxford 
University Press, New York, ed. 3, 
1959. xviii + 483 pp. Illus. $10. 


P. P. Pirone is well qualified to pre- 
sent tree maintenance in a comprehen- 
sive manner. He has a background as a 
scientific investigator in plant pathology, 
and he has also maintained close contact 
with professional arborists. First pub- 
lished in 1941 as Maintenance of Shade 
and Ornamental Trees, this third revised 
edition is an excellent reference for the 
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student, home-owner, nurseryman, land- 
scape architect, and professional ar- 
borist. 

General maintenance practices are 
brought up-to-date in part 1. Topics such 
as soil, transplanting, fertilizers, prun- 
ing, treatment of wounds and cavities, 
and bracing are adequately covered. 
Major revisions have been made in the 
chapter on trees suitable for various 
locations; tall-growing trees are given 
only passing attention, and more em- 
phasis is placed on low-growing trees 
suitable for use about low, modern 
homes and also for streetside plantings. 

Specific abnormalities of trees are dis- 
cussed in part 2. Three main chapters 
deal with the diseases and insect pests 
that attack low-growing, tall-growing, 
and evergreen trees. Each group of trees 
is arranged in alphabetical order accord- 
ing to the common names. The diseases 
are presented in logical order—symp- 
toms, cause, and control. Next each in- 
sect pest is identified by a description of 
its damage to the tree and a brief de- 
scription of the various stages of de- 
velopment. The description is followed 
by a discussion of appropriate control 
measures. New diseases and insect pests 
and the latest methods of controlling 
them are included. 

A new topic is presented in the ap- 
pendix, which should appeal to profes- 
sional workers. It is a method for evalu- 
ating shade trees from a monetary stand- 
point adopted by the National Shade 
Tree Conference and the National Ar- 
borist Association in 1957. This is fol- 
lowed by a 19-page, selected bibliog- 
raphy that is especially useful to the 
student. 

Pirone has successfully presented his 
subject in a manner midway between 
the technical and the popular levels of 
presentation. 





WILLIAM F. Kosar 
U.S. National Arboretum, 


Washington, D. C. 


Radiation Hygiene Handbook. Hanson 
Blatz, Ed. McGraw-Hill, New York, 
1959. 926 pp. Illus. $27.50. 


Hanson Blatz writes in the preface of 
this Handbook that it is the first com- 
prehensive handbook in the field that 
they chose to call “radiation hygiene” 
and that the handbook has been de- 
pendent upon the contributions, advice, 
and inspiration of many of the Ameri- 
can leaders in this “relatively new 
branch of science.” 
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The new description of the field as 
“radiation hygiene” seems very oppor- 
tune and is a good substitute for the 
less apt term “health physics” which, 
if we consider the meaning of “physic,” 
seems at times to be somewhat more 
appropriate to the field of patent medi- 
cines. Disappointingly, however, the 
information in the handbook seems 
sometimes to be insufficiently up-to-date 
to do justice to the newness of this 
“relatively new branch of science,” but 
this is probably due to the delays that 
are inevitable in publishing a large and 
comprehensive work. It is, however, 
somewhat incongruous to find 102 
pages devoted to nuclear data tables 
“based principally on the work of J. M. 
Hollander, I. Perlman and G. T. Sea- 
borg” which appeared in Reviews of 
Modern Physics in April 1953 when a 
very full and complete revision of that 
work appeared in the same journal in 
April 1958. Nor is any reference made 
to the intervening encyclopedic publi- 
cations of the Nuclear Data Group of 
the National Research Council (K. 
Way, C. L. McGinnis, et al.). 

In the table on fundamental con- 
stants in the section entitled “Reference 
data.” it is curious to find the “ruther- 
ford,” which was stillborn some 9 or 
10 years ago. In passing, one might 
question the validity of including quan- 
tities such as the roentgen and curie 
(and even millicurie and microcurie) 
as fundamental constants along with 
Avogadro’s number, Planck’s constant, 
and the velocity of light. 

Apart, however, from the short- 
comings of which the foregoing are 
examples (doubtless they are due to 
the time elapsed between setting pencil 
to paper and the ink drying on the 
printed page), this volume contains a 
wealth of information in its 23 sections 
which range from “Exposure standards 
and radiation protection regulations” 
through “Interaction of radiation with 
matter” and “Radiation attenuation 
data” to “Liquid and solid waste dis- 
posal” and “Personnel control.” Sec- 
tions are also devoted to sources of 
radiation (including natural and arti- 
ficially induced radioactivity, particle 
accelerators, and reactors), radiation 
detection and measurements, and appli- 
cations to industry, research and medi- 
cine. Each section of the book is con- 
tributed by an authority in his field. 

One omission is, however, note- 
worthy. In the descriptions of counting 
equipment much space is devoted to 
how counters operate but none at all, 
as far as I can determine, to how to 


use them. Thus, references are made 
to the efficiency of counters and for- 
mulas are quoted which include effi- 
ciency terms, but no clue to the deter- 
mination of efficiencies is given, nor, 
indeed, is any difference drawn between 
geometric and intrinsic efficiency. Such 
efficiencies are normally determined by 
the use of radioactivity standards, but a 
careful search of the subject index and 
of the most likely parts of the text 
reveals not one single reference to 
radioactivity standardization. This is a 
topic that might well have merited a 
section of its own, when one considers 
how the older field of health physics 
depended so much on_ radioactive 
metrology. 

That this new and interesting book will 
be of great value cannot be doubted, 
and it will be a most valuable asset for 
any radiation laboratory. It may, how- 
ever, be of more use to the experienced 
radiation hygienist, who already knows 
his way around the field, than to the 
beginner. There is much that will be of 
value to the beginner, and the book is 
stimulating enough to make one look 
forward to the second edition which 
could well prove to be a much needed 
work of authority for all workers, both 
inexperienced and experienced, in radia- 
tion hygiene. 

W. B. MANN 
Radioactivity Section, 
National Bureau of Standards 


J. M. Charcot, 1825-1893, His Life— 
His Work. Georges Guillain. Edited 
and translated by Pearce Bailey. 
Hoeber, New York, 1959. 202 pp. 
+ plates. $7. 


This is a pleasant little book with a 
Gallic flavor that is maintained in the 
translation and with a binding that at- 
tracts the eye and hand. How nice to 
see a little gilt filigree on a cover again. 

This is the first English biography of 
Jean-Martin Charcot, father of racuern 
clinical neurology and one of tiie medi- 
cal luminaries of the 19th century. 
Charcot belongs to that select group of 
clinicians who have advanced medicine 
through meticulous, persevering obser- 
vations of patients throughout the 
course of their illness and on to au- 
topsy. 

Charcot was fortunate in his environ- 
ment. His work was his life, and he 
was not disturbed in his pursuits. A 
proud Parisian, he made the collection 
of human discards at Salpétriére his 
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rich museum and laboratory. This led 
to his descriptions of neurologic syn- 
dromes that will be retained in medi- 
cine until clarification of their etiol- 
ogies; even then, Charcot’s name will 
be indelibly part of their recognition. 
MICHAEL B. SHIMKIN 
National Cancer Institute, 
National Institutes of Health 


Indians of the High Plains. From the 
prehistoric period to the coming of 
Europeans. George E. Hyde. Uni- 
versity of Oklahoma Press, Norman, 
1959. xiii + 233 pp. Illus. $4. 


George Hyde has undertaken the 
formidable and challenging task of pre- 
senting a “coherent picture” of the In- 
dian occupancy of the western plains 
prior to the year 1800. Mainly, the 
story is one of the Plains Apache who 
dominated the central and southern 
plains from about 1500 to 1700, and 
of the Comanche and _ Shoshone 
(“Snakes”) who overran much of the 
central and northern plains during the 
18th century. The data utilized come 
largely from historical documents, but- 
tressed here and there by archeological 
evidence turned up in the past quarter 
century. Three maps and 14 plates (the 
latter including two particularly inter- 
esting mid-18th century deerskin paint- 
ings believed to relate to the contem- 
porary Plains Indians) supplement the 
text. 

The author has assembled an im- 
pressive body of data, much of it from 
obscure sources which present-day stu- 
dents too often overlook or neglect 
in their piecemeal treatment of certain 
segments of the larger problem. 
Steeped in years of thinking and read- 
ing, Hyde has earned the gratitude of 
his readers for his region-wide inter- 
pretations and for compiling a plausi- 
ble reconstruction of human activity 
against which future findings and inter- 
pretations can be compared. The end 
result of his labors makes entertaining 
reading for anyone dogged enough to 
Stay with the book through its mass 
of detail and frequent shifts of locale. 

The preface describes this as “a 
reading book, not a treatise”; hence 
the author disavows a need for the 
careful documentation that should 
characterize any scholarly work and 
which readers have come to expect in 
this “Civilization of the American In- 
dian Series,” of which this is the 54th 
volume. More serious is the author’s 
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penchant, where direct documentation 
or other supporting evidence is lack- 
ing, for suggesting a tentative identi- 
fication or interpretation and, there- 
after, for handling these suggestions as 
established facts. Because many of the 
documents for this period are decided- 
ly sketchy and vague and because they 
frequently use tribal designations 
which are not readily correlated with 
the better documented groups of later 
periods, other interpretations than 
those set forth still merit serious con- 
sideration. Sharp reactions to many of 
Hyde’s views must be anticipated. 
Despite these and other shortcom- 
ings—a certain archeological naiveté, 
and the need for healthy skepticism 
on the part of the reader—Hyde’s book 
should have a place on the shelf of 
anyone seriously interested in the early 
historic Indians of the western plains. 
WaLpo R. WEDEL 
U.S. National Museum, 
Smithsonian Institution 


Report on the State of Machine Trans- 
lation in the United States. Yehoshua 
Bar Hillel. Technical Report No. 1. 
Prepared for the U.S. Office of Naval 
Research, Information Systems 
Branch, Jerusalem, Israel, 1959 
(available as PB151746 from Office of 
Technical Services, U.S. Dept. of 
Commerce, Washington 25, D.C.). 
48 pp. + appendixes. $2.25. 


This critique is a sobering evaluation 
of the many misconceptions engendered 
by overly optimistic approaches to fully 
automatic, high-quality machine trans- 
lation (FAHQMT). It is based upon the 
author’s visits in late 1958 to most of the 
12 major mechanical translation (MT) 
centers in the United States, discussions 
with members of the two British cen- 
ters, and a study of the principal pub- 
lications of all these centers. 

It recommends that fully automatic, 
high-quality machine translation be re- 
nounced and that future practical re- 
search be concentrated on either fully 
automatic, low-quality translation or 
partly automatic, high-quality transla- 
tion; it further recommends that basic 
research into language structure, mod- 
els, and so forth be divorced from 
immediate applicability to mechanical 
translation. Ten proposals for the or- 
ganization of further research and for 
the improvement of cooperation are 
made. 

The appendixes include copies of two 


papers, presented before international 
conferences, on the theoretical iimita- 
tions of FAHQMT and an original pa- 
per entitled “A demonstration of the 
non-feasibility of fully-automatic high- 
quality machine translation.” 
_Speculating on the author’s dim view 
of the possible success of mechanical 
translation, one might point out that it 
is easy to construct hypothetical phrases 
(as the author has done) which cannot 
be translated by any conceivable ma- 
chine; this is so easy, in fact, that much 
of what is written is unintentionally un- 
translatable, either by machine or hu- 
man being. If a passage isn’t meaning- 
ful and unambiguous in the original 
language, then attempts to translate it 
into something meaningful are not even 
a proper activity. In such cases one is 
tempted to rewrite the passage, and if 
this is done, it should be recognized that 
it is not a translation, but the work of a 
new author. The point here is that since, 
to a degree, the benefits of mechanical 
translation are denied us by the ma- 
chine’s intolerance of sloppy commu- 
nication, we should be more precise in 
our writing, and if necessary develop a 
language that permits the necessary de- 
gree of precision and nonambiguity. 
CHARLES M. GOTTSCHALK 
MENDALL S. THOMPSON 
Science and Technology Division, 
Library of Congress 


Elements of Solid State Theory. Greg- 
ory H. Wannier. Cambridge Univer- 
sity Press, New York, 1959. 269 pp. 
$6.50. 


In this volume, Wannier presents us 
with a readable and cogent account of 
a considerable segment of modern, 
solid-state theory. The volume is limited 
to a size which will not discourage a 
reader seeking a cultural acquaintance 
with the subject. It is, however, a book 
for the physicist, and most topics are 
discussed at a high level of sophistica- 
tion. 

Two of the early chapters (chapters 
3 and 4) have a special value for they 
treat topics which have only recently 
attained prominence in the literature of 
physics and which are therefore not 
treated in the familiar textbooks. Chap- 
ter 3 is devoted to lattice dynamics 
and includes a discussion of topological 
aspects of the distribution of the vi- 
brational frequencies of crystals. The 
recognition of the influence of special 
points on the form of the frequency 
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distribution function is probably the 
most important piece of qualitative in- 
sight into the form of the frequency 


distribution since the introduction of 
the Debye model, and I am pleased to 
see it presented so lucidly here. A large 
fraction of chapter 4, entitled “Co-op- 
erative phenomena in solids,” consists 
of a discussion of the Ising model and 
its application to a variety of solid 
state, cooperative phenomena and con- 
stitutes a brief but excellent review of 
this subject. The subsequent chapters 
deal mainly with the electronic proper- 
ties of crystals, including energy band 
theory, transport theory, and electronic 
bonding. 

Naturally, in a book of this nature 
many important details can only be 
hinted at, and many topics must be 
omitted altogether. Each reader will be 
able to choose some favorites from 
among the latter. However, the book 
can be recommended almost without 
reservation to anyone who has a good 
foundation in quantum mechanics as 
an excellent survey of the important 
ideas of modern solid state theory. 

ROBERT W. KEYES 
Westinghouse Research Laboratory, 
Pittsburgh, Pennsylvania 
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Cache Valley Virus, a Previously 
Undescribed Mosquito-Borne Agent 


Abstract. Cache Valley virus was iso- 
lated from Culiseta inornata mosquitoes 
collected in Utah. The newly isolated 
agent causes signs of encephalitis in mice 
inoculated intracerebrally. It has been 
classified with the Bunyamwera group of 
anthropod-borne (Arbor) viruses. 


During routine testing of wild-caught 
mosquitoes for the presence of western 
and St. Louis encephalitis viruses, an 
agent was recovered which appears to 
be unlike previously described mos- 
quito-borne viruses of North America. 
The new isolate has been named Cache 
Valley virus for the locality from which 
the infected mosquitoes were collected. 

Cache Valley virus was isolated from a 
pool of 50 Culiseta inornata mosquitoes 
collected on 16 Aug. 1956 under a 
bridge near the town of Wellsville in 
Cache Valley, northern Utah. Signs of 
encephalitis were observed in each of 
six weanling mice used for the initial 
isolation attempt (7). Most of the test 
mice were found in a moribund state 
8 to 10 days after inoculation, and all 
had died by the 13th day. Three weeks 
later the virus was again recovered in 
mice inoculated with a stcred portion 
of the original mosquito suspension. 
The agent obtained from these tests 
possessed the usual characteristics of 
viruses: it passed readily through a Seitz 
filter; no growth was obtained on com- 
mon laboratory media inoculated with 
mouse-brain suspensions containing the 
agent; and its infectivity was not re- 
duced by the addition of antibiotics. 

Cache Valley virus was adapted to 





Instructions for preparing reports. Begin the re- 
Port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
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and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
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l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
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growth in weanling mice with consider- 
able difficulty. The LD,, titer of a 
fourth-passage mouse-brain suspension 
was only 10“. Significantly higher titers 
were not obtained through 11 pas- 
sages in mice of this age. After the 12th 
passage, the agent was propagated in 2- 
to 3-day-old mice. The 14th mouse- 
passage virus stock, prepared from in- 
fant mouse brain, had an LD,, titer of 
10“ in weanling mice. 

In further studies of Cache Valley 
virus the following results were ob- 
tained. (i) The virus was immunogenic, 
but not pathogenic, for rabbits inocu- 
lated via the intramuscular route. (ii) 
It was pathogenic for infant mice inoc- 
ulated either by the intraperitoneal or 
intracerebral route. (iii) It was not 
pathogenic for weanling mice inoculated 
intraperitoneally or subcutaneously. 
(iv) It apparently was not infectious 
for 0.5-day-old chicks; chicks inoculated 
subcutaneously with large doses of 
Cache Valley virus did not develop a 
viremia, and, furthermore, neutralizing 
antibodies against the agent were not 
demonstrable in their serum 30 days 
later. (v) The virus produced cyto- 
pathogenic effects in tissue-culture cells 
grown from hamster kidney. (vi) Evi- 
dence was found suggesting that horses 
may become infected with Cache Valley 
virus under natural circumstances. Se- 
rum specimens from four horses living 
in Cache Valley were considered posi- 
tive in mouse-neutralization tests (2). 
In these tests, neutralization indexes 
of 50, 80, >320, and >500, respec- 
tively, were obtained. Negative results 
were obtained in similar tests on serums 
from three other horses and five human 
beings from the same vicinity. 

Cache Valley virus in third mouse 
passage was sent to the Rockefeller 
Foundation Virus Laboratories in New 
York, where Casals and Whitman found 
it to be serologically distinct from the 
viruses of Arbor groups A, B, and C 
and found that it belongs, instead, to 
their newly designated “Bunyamwera 
group” (3). In addition to Cache Valley 
virus, this group includes the following 
viruses: (i) Bunyamwera, isolated by 
Smithburn et al. (4) from a mixed pool 
of Aédes mosquitoes collected in Ugan- 
da, British East Africa; (ii) Wyeomyia, 


isolated by Roca-Garcia (5) from 
Wyeomyia melanocephala mosquitoes 
collected in Colombia, South America; 
and (iii) Kairi virus (TR8900), iso- 
lated from Aédes scapularis mosquitoes 
collected in Trinidad, British West In- 
dies (6). 

Apparently, the distribution of Cache 
Valley virus is not confined to Utah. 
Immune serum prepared against an 
agent isolated from Culiseta inornata in 
the National Institutes of Health’s 
Rocky Mountain Laboratory, Hamilton, 
Montana (7), protected against three 
logs of Cache Valley virus in mouse- 
neutralization tests. Casals and Whit- 
man (3) report that an agent indis- 
tinguishable serologically from Cache 
Valley virus was isolated by O. R. 
Causey from Aédes scapularis mosqui- 
toes collected near Belém (Para), 
Brazil. Another virus apparently identi- 
cal to or very closely related to Cache 
Valley virus has been recovered by 
Aitken (8) from A. scapularis collected 
in Trinidad, British West Indies. 

It seems reasonable to assume that 
the recovery of Cache Valley virus 
represents a bona fide isolation from 
mosquitoes. None of the other viruses 
in the “Bunyamwera group” has ever 
been in our laboratory. Additional evi- 
dence was the reisolation of Cache 
Valley virus from the original mosquito 
pool, and the finding that Cache Valley 
virus was “neutralized” by sera ob- 
tained from horses living in the same 
area from which the mosquitoes were 
collected. 

The possible importance of Cache 
Valley virus to the health of human 
beings or animals is not known. How- 
ever, it is recognized that the causal 
agents in many cases of disease of the 
central nervous system among various 
animal species remain unidentified each 
year. Therefore, further studies are 
planned to determine the pathogenesis 
of Cache Valley virus in experimentally 
infected animals, the host range of the 
virus in nature, its natural mode of 
transmission, and whether or not nat- 
urally acquired Cache Valley virus in- 
fections may result in disease in man or 
other animal species. 

PRESTON HOLDEN* 
A. D. Hess 
Communicable Disease Center, 
U.S. Public Health Service, 
Greeley, Colorado 
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Resistance to Deformation of 
Axial Structures in Living 
Guinea-Pig Spermatozoa 


Abstract. Rotation of living guinea-pig 
spermatozoa can be effected by drawing 
the shaft of a long microneedle of diam- 
eter 0.5 to 1.0 uw across the tail; the special 
characteristics of this rotation demon- 
strated in the tail a polygonal structure 
and high resistance of the peripheral fibrils 
to deformation by pressure of the micro- 
needle. 


In the course of research on fragility 
(in immune reactions) of guinea-pig 
spermatozoa (/) during which use was 
made of micromanipulation to effect 
dissection of living spermatozoa, it was 
observed that it was easily possible to 
rotate an immobilized spermatozoon by 
drawing a long glass rod (or long shank 
of a microneedle) at right angles to the 





Fig. 1. Living guinea-pig spermatozoon 
with two microneedles showing diameter 
and position for rotation with relation to 
tail. Phase contrast. (<x1150) 














a Cc 
Fig. 2. (a) Polygonal structure effective 
for rotation by movement of needle across 
surface. (b) Tail of spermatozoon on sec- 
tion with suggested deformation of surface 
protoplasm on pressure of needle; resist- 
ance of peripheral fibrils and central proto- 
plasm. (c) Normal structure and relative 
disposition of fibrils in tail (schematic). 
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length of the spermatozoon across the 
tail, approximately halfway between the 
midpoint and the body. This was 
effected by making the diameter of the 
needle close to the diameter of the tail 
(Fig. 1) (in general about 0.5 to 1.0 p) 
and about 200 » or more long. 

The special feature of the rotation of 
the spermatozoon (shown by rotation of 
the head) was its positive nature (in 
that the needle did not slip and rotation 
was directly proportional to the speed 
of movement of the needle). This indi- 
cated, first, that the tail cannot be round 
or flat but must possess a basic polyg- 
onal structure on section (Fig. 2a) in 
order that the tail may be engaged be- 
tween the needle and the slide surface 
(Fig. 2b); this polygonal structure is 
shown by electron microscopy of the 
tail where a set of nine peripheral 
fibrils surrounds a double axial thread 
(Fig. 2c). Second, micromanipulation 
demonstrated that the basic fibrillar 
structure must be highly resistant to 
deformation; here electron microscopy 
shows a thin outer protoplasmic sheath 
(which contains microsomes) smoothly 
rounded in outline with a spiral layer 
outside the peripheral fibrils; a light 
structureless protoplasm occupies the 
central region around the axial fibril 
(Fig. 2c). 

This second conclusion on the phys- 
ical properties of the spermatozoa 
shown by micromanipulation appears to 
confirm an early observation on micro- 
manipulation of spermatozoa by Terni 
(2); in addition, observations by Dur- 
yee (3) on microdissection of Triturus 
pyrrhogaster spermatozoa revealed sim- 
ilar properties in this species. 

Deformation of the thin surface 
protoplasmic layer must take place in 
order that the needle may be brought 
in close contact with the fibrils. The 
question then arises as to why the in- 
ternal protoplasm, greater in amount 
than that between and around the pe- 
ripheral fibrils, does not also deform; if 
any displacement of fibrils takes place 
it must be slight since rotation requires 
persistence of the polygonal structure; 
these observations also concern the 
forces which maintain the fibrils in 
position; the forces not only resist pres- 
sure from the surface but resist tension 
on their long axes without evidence of 
elasticity; such lack of elasticity is to be 
expected from the characteristics of the 
surface resistance. 

It would be desirable, and it should 
be possible, to obtain quantitative data 
on these forces. The observations pre- 
sented indicate that the forces will be 
found to be high among biological 
materials of fibrillar structure. 

C. A. ERSKINE 
School of Anatomy, Trinity College, 
University of Dublin, Dublin, Ireland 
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Induction of the Respiration- 
Deficient Mutation in 
Yeast by Various Synthetic Dyes 


Abstract. Series of triphenylmethane 
and xanthene dyes were found to be ef- 
fective as inducers of respiration-deficient 
mutation in yeast. The quantitative differ- 
ence in the mutagenic effect appeared to 
be in close relationship to the chemical 
structure of the respective dyes. This sur- 
vey may provide a useful clue for elucida- 
tion of the mechanism of mutagenic in- 
duction. 


Among various inducers of the 
respiration-deficient (petite colonie) 
mutation in yeast, several synthetic 


dyes show pronounced effects (1). The 
work under discussion deals with a com- 
parative survey of the petite-colonie- 
inducing effects of various dyes in an 
attempt to seek the relationship, if any, 
between the chemical structure and the 
efficacy of the dye as an inducer. 

A strain of baker’s yeast (Fleisch- 
mann) mentioned in an earlier report 
(2) was cultured in a liquid medium 


Table 1. Production of mutants by various 
dyes. Minimal concentration is required to 
produce more than 3 percent mutants, optimal 
to produce more than 90 percent. 





Concentration (mg/lit) 








Dye For 
* : = ‘ entire 
(Manufacturer) Minimal Optimal pam 
pression 
Crystal violet* 0.2 0.6 2.4 
(Merck) 
Ethyl violet* 0.2 0.4 2.0 
(Bayer) 
Methyl violet* 2.0 4.0 8.0 
(Merck) 
Malachite green* 1.0 3.0 10.0 
(Japan) 
Pararosaniline* 2.0 8.0 50.0 
(Japan) 
Rosaniline* 3.0 8.0 60.0 
(Japan) 
Victoria blue B* 6.0 20.0 30.0 
(Japan) (<40%) 
Victoria blue 4R* 6.0 10.0 30.0 
(Japan) (<60% ) 
Pyronine Y?7 2.0 6.0 50.0 
(Bayer) 
Pyronine Bt 2.0 6.0 50.0 
(Bayer) 
Acridine red 3Bt 12.0 40.0 100.0 
(Japan) 
Acriflavine 0.4 RS 12.5 
(Japan) 
Caffeine 1500 2500 3500 
(Japan) 





* Triphenylmethane dye; + xanthene dye. Acri- 
dine red 3B is a xanthene dye in spite of the 
name. 
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(yeast extract powder, 0.2 percent; 
peptone, 0.18 percent; ammonium sul- 
fate, 0.15 percent; monopotassium acid 
phosphate, 0.1 percent; magnesium sul- 
fate, 0.05 percent) supplemented with 
the dye to be tested. Fifty milliliters of 
the medium in 100-ml erlenmeyer flasks 
were inoculated with about 1000 cells 
of the original culture per milliliter and 
incubated at 30°C for 48 hours. A few 
drops of these cultures were diluted in 
sterilized water, spread on a normal 
nutrient agar medium, and scored for 
petite mutants after 48 hours of incuba- 
tion at 30°C. 

Table 1 summarizes the results of the 
experiments with various dyes in varied 
concentrations. The effects of acri- 
flavine and of caffeine in the collateral 
tests with the same basal medium are 
shown for comparison. Most of the in- 
ducers are toxic with respect to the 
yeast and suppress growth at fairly 
low concentrations. The increase in 
the frequency of occurrence of the 
petite mutants is, however, greater in 
the fully grown cultures (up to 3 x 10° 
cells per milliliter) than in the inhibited 
cultures. In other words, maximum in- 
duction in terms of increased frequency 
of the petite mutants in the final popu- 
lation appears at concentrations far be- 
low the lethal level. Comparison based 
upon molar concentrations of the dyes 
instead of on milligrams per liter reveals 
greater differences in efficacy in both 
the induction of petite mutants and 
the suppression of growth. 

With the exception of acriflavine, 
the dyes fall into two major groups— 
namely, triphenylmethane dyes and 
xanthene dyes. The general trends in 
the relationship between chemical na- 
ture and efficacy may be summarized 
as follows: (i) all the effective dyes 
are basic dyes; (ii) efficacy tends to be 
greater when the number of methyl 
groups in the molecule is greater; (iii) 
the aminotriphenylmethane derivatives 
which have methyl groups introduced 
into their amino groups are more effec- 
tive than those which have methyl 
groups introduced into the benzene 
nuclei; (iv) the dyes which have ethyl 
groups instead of methyl groups are 
as effective as, or sometimes more effec- 
tive than, the dyes which have methyl 
groups in the corresponding positions. 
The Victoria blue dyes B and 4R show 
rather low efficacy as compared with 
other triphenylmethane dyes in spite of 
high affinity (absorption) to the yeast 
cells. Such characteristics are perhaps 
due to the presence of a phenyl-a- 
naphthylamine moiety in the molecule. 

An improved modification of the 
triphenyltetrazolium chloride (TTC) 
Overlay technique was employed for 
scoring the petite mutants in the cul- 
tures. The molten agar (1 percent) con- 
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taining 0.05 percent TTC and 0.5 per- 
cent glucose was gently poured onto 
colonies (200 to 300 per standard petri 
dish) of the sample cultures growing on 
nutrient agar of the same composition 
as the basal medium. The cultures, thus 
covered 3 to 4 mm deep, were in- 
cubated again at 30°C. Color dif- 
ferentiation between normal (red) and 
mutant (white) colonies appeared more 
clear-cut and occurred more quickly 
than color differentiation produced by 
the procedures hitherto followed (3). 
The dyes were examined by paper 
chromatography. The ascending devel- 
opment with acetone, water (4:6) and 
n-butanol, acetic acid, water (4:1:5), 
respectively, gave fairly good results. 
No serious admixture or decomposition 
product has been detected so far (4). 
SusuMu Naaal 
Institute of Polytechnics, 
Osaka City University, Osaka, Japan 
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Acid Mucopolysaccharide of the 
Crustacean Cuticle 


Abstract. The acid mucopolysaccharide 
found in the crab Hemigrapsus nudus and 
containing glucose, galactose, and fucose 
residues is found both in the cuticle and 
in the digestive gland of the crab. The 
concentration of mucopolysaccharide is 
somewhat higher in the cuticle, where it 
it the only soluble polysaccharide, than in 
the digestive gland, where it makes up 10 
to 25 percent of the total polysaccharide 
content. 


The occurrence of acid mucopoly- 
saccharides in integumentary and skele- 
tal tissues has been reported frequently 
in recent years. The present report 
provides direct chemical evidence of the 
occurrence of such a substance in the 


integument and digestive gland of the 
crab Hemigrapsus nudus (Dana). Trim 
(1) reported the occurrence of a non- 
chitin carbohydrate in the arthropod 
cuticle. Travis (2), using histochemical 
methods, demonstrated the presence of 
a mucopolysaccharide in the integument 
and digestive gland of lobsters. Hu (3), 
in his recent study, observed that a 
polysaccharide other than glycogen is 
present in H. nudus. The polysaccharide 
fraction separated by Hu yielded, on 
hydrolysis, fucose, galactose, and glu- 
cose. Nothing was known as to whether 
this polysaccharide is similar in distri- 
bution to that observed by Trim or 
Travis. Hence, it was thought worth 
while to study the distribution of this 
polysaccharide in the crab, with special 
reference to the cuticle. 

The animals were collected from 
Coos Bay in the vicinity of Charleston, 
Ore. All the animals used in the ex- 
periment were in the C, stage of the 
intermoult cycle (4). 

The cuticle was prepared according 
to the method used by Frankel and 
Rudall (5) for insects. The polysac- 
charides were precipitated with alcohol 
from alkali extracts of the powdered 
cuticle and of the fresh digestive gland. 
The polysaccharides were separated by 
paper electrophoresis at pH 5, as sug- 
gested by Bera et al. (6). The Karler- 
Kirk curtain-electrophoresis apparatus 
was used (7). The polysaccharide was 
stained on the paper by the method of 
Kéiw and Gronwall (8) and of Ham- 
merman (9). Quantitative estimation 
of the polysaccharides after electro- 
phoretic separation was made by the 
anthrone method of Roe (/0). For the 
hydrolysis of the polysaccharide and 
analysis of the sugars, the methods 
adopted by Hu (3) were followed. 

The digestive gland contains, besides 
glycogen, an acid mucopolysaccharide 
which gives a positive test with toluidine 
blue staining on the paper. The acid 
mucopolysaccharide moves to the cath- 
ode and is readily separated from 
glycogen on paper during electrophore- 
sis. Hydrolysis of the polysaccharide 
yielded fucose, galactose, and glucose, 
glucose being more abundant than the 
other two sugars, as observed by Hu 
(3). The cuticle also showed the pres- 
ence of acid mucopolysaccharide which 


Table 1. Polysaccharide content of digestive gland and cuticle of Hemigrapsus nudus. 








Polysaccharide 





Glycogen (mg /100 gm 
of dry tissues) 


Tissue 


Acid* (mg/ 
100 gm of dry tissues) 





Mean 





Digestive gland 5073 


Cuticle 














* “Expressed in terms of glucose equivalents by the anthrone method. 


Extremes Mean Extremes 
2506-7392 671 285-2460 
939 842-1085 
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yielded fucose, galactose, and glucose 
on hydrolysis and which appeared to 
be identical with that of the digestive 
gland. Glycogen was not demonstrable 
in the cuticle; if it was present at all, 
the amount was negligible as compared 
with the acid mucopolysaccharide. 

Quantitative distribution of the acid 
mucopolysaccharide in the cuticle and 
digestive gland is summarized in Table 
I. 

The cuticle contains an average of 
937 mg of acid mucopolysaccharide 
per 100 gm (dry weight). In the diges- 
tive gland, about 10 to 25 percent of 
the total polysaccharide is in the form 
of acid mucopolysaccharide. 

Recently many interesting observa- 
tions on the correlation between calci- 
fication and distribution of acid muco- 
polysaccharide have been _ reported. 
Rubin and Howard (//) observed acid 
mucopolysaccharide in association with 
calcification in bones and _ calcified 
cartilages and suggested that calcium- 
binding capacity was due to the pres- 
ence of the acid mucopolysaccharide. 
Studies on various types of human 
tissues have led to the conclusion that 
a mucopolysaccharide with specific 
properties is involved in almost all 
biological calcification. In the study of 
the organic matrix of the shell of the 
hen’s egg, Simkin and Tyler (12) sug- 
gest that both acid mucopolysaccharide 
and protein components of the egg 
shell are vitally important to the calci- 
fication mechanism. Travis (2) has 
observed that the mucopolysaccharide 
shows some cyclic changes in the diges- 
tive gland and the integument in rela- 
tion to the intermoult stages. On the 
basis of these observations it is en- 
visaged that the presence of acid 
mucopolysaccharide in the cuticle of 
the crab may have an important role 
in the calcification of the cuticle (/3). 

V. R. MEENAKSHI 
BRADLEY T. SCHEER 
Department of Biology, 
University of Oregon, Eugene 
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Titration of the Protein 
Paran:yosin 


Abstract. The titration curve of an 
aqueous solution of crystalline paramyosin 
shows a unique buffering zone which can 
be attributed to a shift in the pK of its 
glutamic acid residues. A possible explana- 
tion of this phenomenon on the basis of 
the presence of polyanionic segments in 
the molecule is discussed. 


In the course of studies on the solu- 
bility characteristics of the protein para- 
myosin and the physiological behavior 
of muscles containing this protein (/), 
it became apparent that its sharp crystal- 
lization point around pH 6.4 may be of 
prime importance to its physiological 
role. The amino acid composition of 
paramyosin, as determined by Kominz 
et al. (2), shows no amino acid residues 
which should have a pK in this range. 
The protein contains less than | percent 
histidine but about 158 residues of 
glutamic acid, 120 of aspartic acid, 73 
each of lysine and arginine, and 13 of 
tyrosine, out of 800 amino acid residues 
(100,000 molecular weight): of the 
carboxylic groups, 112 are present as 
amides. No significant amount of phos- 
phate could be detected. 

We have titrated solutions of para- 
myosin over the pH range from 2 to 12, 
in the hope of determining whether or 
not crystallization is associated with 
pecularities in the titration curve. 

The procedure was as follows. Para- 
myosin, isolated as previously described 
(7), was dissolved in 0.3M KCl and 
dialyzed against water. The precipitated 
paramyosin was isolated by centrifuga- 
tion and dissolved in 0.3M KCI to give 
a final concentration of 1 percent pro- 
tein. Thirty milliliters of this solution 
was placed in a beaker above a mag- 
netic stirrer, under a nitrogen atmos- 
phere, and adjusted to pH 12 with 
KOH. The solution was then titrated 
with 0.1N HCl, with a microburette, 
and the pH was read continuously with 
a Beckman model G pH meter with 
external electrodes. A blank, consisting 
of 30 ml of 0.3M KCl, was titrated over 
the same pH range, and its curve was 
subtracted from that of the protein 
sample. The results, designated as the 
net titration curve, are shown in Fig. 1. 
The protein precipitated at a pH value 
near 6.5, as had previously been found 
to be the case (/). The precipitation 
did not in itself alter the behavior of 
the protein toward added acid, since 
it was possible to start on the acid side 
of the curve with precipitated protein 
and titrate in the opposite direction 
with no change in the shape of the 
curve. 

The titration curve shows a buffering 
zone around pH 11.5, corresponding 
to the known arginine content of the 


protein. The large buffering zone around 
pH 10 corresponds to the lysine, tyro- 
sine, and terminal amino groups. A 
large buffering zone is found near the 
center of the curve, with a pK of about 
6.3, corresponding to the titration of 
130 groups per 800 amino acid residues. 
No buffering zone for carboxyl groups 
is found around pH 4.3, although such 
a zone would have been expected on the 
basis of the known content of glutamic 
acid. The buffering zone at the low 
PH end of the curve could correspond 
to free aspartic acid residues as well as 
terminal carboxyl groups. 

The complete absence of a buffering 
zone around pH 4.3 and the presence 
of a large zone around pH 6.3 suggest 
that the pK’ of the glutamic acid resi- 
dues present in the protein has been 
shifted by approximately 2 pH units. 
Such large shifts in pK’ are not common 
in proteins but are common in synthetic 
polymers. In the case of synthetic poly- 
anions, the shift has been accounted for 
on the basis of the strong electric field 
which appears when charges are con- 
centrated along the polymer chain (3). 
Others have sought to explain this effect 
in proteins on the basis of hydrogen 
bonding (4) or masking of groups by 
bound water (5). However, in view of 
the solubility behavior of paramyosin, 
the possibility that polyanionic segments 
are present in this protein sounds attrac- 
tive to us. 

This possibility has prompted us to 
calculate the number of charges per 
unit length of protein molecule neces- 
sary to generate an electric field large 
enough to shift the pK of the glutamic 
acid residues by approximately 2 pH 
units. The following formula, derived 
by Hartley and Roe (6) and modified 
by Katchalsky (7), for polyanions in 
solution, was used: 


l—a 


434 
pH = pK’ — in— + 04343 ev 4) 


kT 





where pK’ is the pK’ of the monomeric 
group (in this case 4.3), T is the abso- 
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Fig. 1. Net titration curve of paramyosin 
dissolved in 0.3M KCl. The solution was 
adjusted to pH 12 and titrated to pH 2 
with 0.1N HCl. 
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lute temperature, a is the degree of 
dissociation of the monomeric group, 
y is the electric field, k is Boltzmann’s 
constant, and « is the elementary elec- 
tronic charge. On the assumption that 
half-dissociation of the monomeric 
group in Fig. 1 occurs at pH 6.3, the 
electric field (¥) was calculated to be 
approximately 100 mv. The surface- 
charge density necessary to generate a 
field of this strength was calculated 
from the following expression derived 
by Overbeek (8) (the G6uy-Chapman 
model of an electric double layer was 
used, and it was assumed that the 
molecular surface roughly approximates 
a plane surface): 


oo = 4/ Pet 2 sinh (5%) (2) 
where o, is the surface-charge density, 
c is the concentration of the counter- 
ions in the medium at infinite distance 
from the face of the molecule, D is 
the dielectric constant of the medium, 
R is the gas constant, and F is Fara- 
day’s constant; the other terms are the 
same as those appearing in Eq. 1. The 
value for o, was found to be 1.5 x 10** 
charges/cm?. This corresponds to 2.4 
charges per 5.1-A length of a cylinder 
having a diameter of 9.8 A. On the 
assumption that the polypeptide chains 
within the paramyosin have the form 
of an a-helix (9), a polyglutamic acid 
segment could have a maximum of 3.8 
charges per 5.1-A length. 

The possibility that the high charge 
density is due to the presence of poly- 
glutamic acid segments along the mole- 
cule can be tested by partial digestion 
of the paramyosin and examination of 
the fragments formed for the presence 
of highly acidic polypeptides. Prelim- 
inary studies with paper electrophoresis, 
in which tryptic digests of paramyosin 
were used, have indicated the presence 
of a fast-moving negative component 
Which could correspond to a polyanion 
(10). 

Note added in proof. Kensal Van 
Holde of the chemistry department, 
University of Illinois, has calculated by 
an independent method the charge den- 
sity that could give rise to the suggested 
shift in pK’ of the glutamic acid resi- 
dues in paramyosin. He has used the 
model proposed by T. Hill [Arch. Bio- 
chem. Biophys. 57, 229 (1955)] which 
consists of a charged cylinder of infinite 
length, radius b, and closest center-to- 
center approach for small external ions 
of distance a. The titration curve should, 
in the region of the pK’ of the above 
groups, be expressed by 


PH = pK’ + in [a/(1 — a)] — 
0.868w(c — an) 


Where q is the fraction of groups ion- 
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ized, n is the total number of acid 
groups, c is the number of positive 
groups in the neighborhood, and w = 
F./Z’*KT [Z is the actual charge and 
F, is the electrostatic free energy for 
charging the model in question, the ex- 
pression for which is given by Hill (see 
above)]. For a shift of pK’ of 2.0 pH 
units, assuming that cationic groups 
are sufficiently remote to be neglected 
in this calculation and that the cylinder 
has the radius of an a-helix (a = 7 A; 
b = 5S A), the number of charges in a 
length of 5.1 A is 3.7. 
WILLIAM H. JoHNSON 
JOSEPH S. KAHN* 
Physiology Department, 
University of Illinois, Urbana 
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On the Mechanism of Action of 
Chlorpromazine 


Abstract. Chlorpromazine is shown to be 
a powerful electron donor. Observations 
are described supporting the assumption 
that the therapeutic action of this drug is 
connected with this property. 


Redox reactions between organic 
substances as a rule involve a change 
between two forms differing by two 
H atoms (two electrons plus two pro- 
tons). Michaelis (J) pointed out that 
in this process the electrons may trans- 
fer one by one, and he demonstrated 
the intermediate state. Accordingly, sub- 
stances regarded as oxidants or reduc- 
tants are expected to have two stable 
configurations differing from each other 
by two hydrogen atoms. 

J. Weiss (2) discovered that com- 
plexes may have properties which indi- 
cate an electron transfer from one 


molecule to the other within the com- 
plex. Mulliken (3) and his associates 
further developed this theory of “charge 
transfer.” In such charge-transfer com- 
plexes an electron is supposed to go 
from the highest filled orbital of the 
donor to the lowest empty orbital of the 
acceptor; this transfer involves no 
change in configuration in classical 
chemical terms. In most cases studied 
by Mulliken the electron donated spent 
only a small fraction of its time with 
the acceptor and needed additional 
energy, supplied by the absorption of 
light, to be almost completely trans- 
ferred to the acceptor. 

The findings obtained in one of our 
laboratories indicated that complexes 
may be formed by biologically impor- 
tant substances in which an electron is 
practically wholly transferred from the 
donor to the acceptor, even in the 
ground state. There was reason to 
believe that such charge-transfer re- 
actions are a frequent occurrence and 
so may play a role in reactions con- 
nected with a transfer of energy. The 
question arose whether charge transfer 
might play a role in the mechanism of 
drug action. Preliminary experiments 
indicated that this may be the case. For 
instance, various alkaloids were found 
to act readily as donors in complexes 
with iodine dissolved in chloroform. 

Chlorpromazine has striking biologi- 
cal activity. It is, therefore, of great 
interest that, as indicated in this report, 
chlorpromazine also has striking prop- 
erties as an electron donor, and the 
question arises whether the tranquilizing 
action of this drug may not be due to 
its charge-transfer properties. It is not 
possible to predict from its biological 
activity whether a pharmacologically 
active substance is an electron acceptor 
or an electron donor. If the drug acted, 
for example, on the electric double 
layer on the cell surface, where there 
is a positive charge on the outside and 
a negative charge on the inside, then an 
electron transfer on the outside would 
lead to a depolarization and thus to 
excitation, while a donation on the in- 
side could be expected to lead to a 
hyperpolarization and, with it, to inhi- 
bitions. So, the final action depends on 
the affinities and location. What can be 
said, in a general way, is that one would 
expect pharmacological activity from a 
good donor rather than from a good 
acceptor, since the charge transfer de- 
pends to a great extent on the overlap 
of wave functions and a strong donor 
property involves a rather extended 
wave function. Whatever the case may 
be, one would expect pharmacological 
agents to show exceptionally strong 
donor or acceptor properties if their 
biological activity is actually due to a 
charge transfer. 
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With these thoughts in mind, the 
electron levels of chlorpromazine have 
been calculated by means of the LCAO 
method. The K values obtained were 


—0.217 for the highest filled, and 
—1.000 for the lowest empty orbital 
(4). This finding is rather striking and 
unexpected. To our knowledge, chlor- 
promazine is the first substance ever 
found in which, in its ordinary stable 
state, the highest filled level corresponds 
to an antibonding orbital, as indicated 
by the minus sign of K. This makes 
chlorpromazine a quite extraordinarily 
strong electron donor. Negative values 
for highest orbitals were hitherto found 
only in substances on which H atoms 
were forced by reduction of the mole- 
cule in question, as in leucomethylene 
blue (MBLH) and reduced flavin 
mononucleotide (FMNH,) (5). 

In phenothiazine the highest filled 
molecular orbital also has a negative 
value and is antibonding (K of the 
highest filled orbital is —0.210 and K 
of the lowest empty orbital is —1.000). 
So, evidently, the strong donor prop- 
erties of chlorpromazine are linked to 
the phenothiazine part of the chlor- 
promazine. 

The assumption that charge transfer 
may be involved in pharmacological 
reactions of chlorpromazine is sup- 
ported by the fact that we found d- 
lysergic acid diethylamide, another drug 
with strong action on the central nerv- 
ous functions, to be a very good donor. 
The K value of the highest filled orbital 
was found to be 0.218; of the lowest 
empty orbital, —0.726. Also, serotonin 
is a very good donor, more so than 
indole or tryptophan (K of the highest 
filled electronic orbital, 0.461; of the 
lowest empty orbital, —0.870), and it 
also has a strong action on the central 
nervous system. (This agreed with ab- 
sorption measurements of the complexes 
(6) of these substances, which also 
indicate that serotonin is a good donor, 
better than tryptophan.) 

The calculations are supported by 
the chemical behavior of the substances 
in question. The negative values for 
MBLH and FMNH,, as pointed out by 
B. Pullman and A. Pullman, is sup- 
ported by the great instability of these 
substances, which readily undergo auto- 
oxidation in the presence of O:. Chlor- 
promazine, which is not readily auto- 
oxidizable, at least not in the dark, is 
thus unique also in being relatively 
stable in spite of its energy values. 
However, the strong donating ability of 
this drug can be demonstrated by freez- 
ing an aqueous solution of chlorpro- 
mazine in Dry Ice in the presence of an 
equimolar riboflavin solution (103M). 
On freezing, the solution turns green- 
ish brown and loses all fluorescence— 
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an expression of a complex formation. 

Similarly, 1-methyl Medmain is a very 
good donor (highest filled electronic 
orbital, 0.348; lowest empty orbital, 
—0.869). The same is true for 1-benzyl- 
2-methyl-5-methoxy -(N, N -dimethyl) - 
tryptamine (highest filled level, 0.427; 
lowest empty level, —0.866,), which 
gives strongly colored complexes when 
frozen with flavin mononucleotide. The 
assumption that this color is actually 
due to the formation of a charge- 
transfer complex is supported by the 
spectrum. As has been shown earlier 
(6), the spectrum of the serotonin- 
flavin mononucleotide or of the trypto- 
phan-flavin mononucleotide complex 
has a peak at 490 mp, the wavelength 
characterizing the free radical of flavin 
mononucleotide at acid pH. Also, the 
chlorpromazine complex, when meas- 
ured at —78°C (7), shows a strong 
absorption at this wavelength; this indi- 
cates that the absorption is actually due 
to the flavin mononucleotide, which has 
accepted one electron. In addition, there 
is a broad absorption at 570 mp. This 
peak may be tentatively identified as the 
absorption of the free radical of flavin 
mononucleotide at neutral pH (8). 
However, other possibilities suggest 
themselves. The peak may be due to 
the reverse of the usual charge transfer 
absorption, in which an electron moves 
from riboflavin back to chlorpromazine 
upon the absorption of a light quantum. 
A positive identification of the 570 my. 
absorption must await future work. 

If further experience bears out the 
assumption that the action of the drugs 
studied, as well as the action of other 
drugs with related effects, is due to 
charge transfer, then this may con- 
tribute to understanding of the mech- 
anism of normal and abnormal psychic 
functions (9). 

G. KARREMAN 
Eastern Pennsylvania Psychiatric 
Institute, Philadelphia, Pennsylvania 
I, ISENBERG 
A. SZENT-GYORGYI 
Institute for Muscle Research, 
Marine Biological Laboratory, 
Woods Hole, Massachusetts 
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Microbial Fermentation in 
Certain Mammals 


Abstract. The fermentation in the cae- 
cum and large intestine of ruminants is 
negligible compared with that in the 
rumen. In small ruminants the rate per 
unit contents is faster than in large ones, 
due to faster turnover. The cellulolytic 
bacteria of several ruminants are similar 
but differ in nutritional requirements. 


A sojourn in Kenya to study mi- 
crobial fermentation rates in the rumen 
of zebu and European cattle (J) also 
afforded an opportunity (2) to examine 
other mammals. Anaerobic culture 
tubes containing rumen fluid (or ele- 
phant caecal or colonic fluid) and cellu- 
lose agar (3) were prepared in the field, 
the contents of the appropriate organ 
of the freshly killed animal being used 
as part of the medium. The sterilized 
tubes were inoculated with serial dilu- 
tions of the fresh contents, and the 
medium was solidified and returned to 
the laboratory for incubation at 39°C. 
Characteristic clearing of the cellulose 
resembling that due to Bacteroides suc- 
cinogenes from cattle (3) was observed 
in cultures from the eland, kongoni, 
zebu, and camel. A few colonies re- 
sembling Butyrivibrio (4) were also 
seen. In some culture series, non- 
cellulolytic colonies were sufficiently 
visible that both total and cellulolytic 
colony counts could be made. The 
counts were similar in magnitude to 
those obtained in cattle by comparable 
methods (5). Data of the experiments 
are shown in Table 1. 

Bacteroides succinogenes-like colo- 
nies from the kongoni and the eland, 
respectively, were inoculated into paral- 
lel culture tubes containing media pre- 
pared with sterile rumen fluid from the 
host or from a zebu. Difference in the 
diameter of the clearings developing in 
the thin cellulose agar showed that both 
bacterial strains grew faster with homol- 
ogous than with zebu rumen fluid, 
though the difference for the kongoni 
was slight. 

The contribution of each part of the 
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alimentary tract to the total microbial 
intestinal fermentation was also meas- 
ured. The various organs were dissected 
out and weighed as soon as possible 
after the animal was killed (Table 2). 

Samples of the fresh contents from 
the rumen, caecum, and colon were 
transferred as soon as possible to War- 
burg vessels, and the fermentation was 
measured manometrically (/, 6). From 
the fermentation by the sample the total 
fermentation in each organ and the per- 
centage contribution of each was cal- 
culated (Table 3). The rumen fermen- 
tation accounted for 95 to 98 percent 
of the total except in the male camel. 
Its rumen contained relatively little 
contents. 

The proportion of methane varied 
between 11 and 24 percent of the total 
fermentation products. The range for 
caecal contents was 2 to 30 percent, for 
the colon, 3 to 26 percent. Its propor- 
tion tended to be relatively less in the 
smaller ruminants (gazelle and suni). 

The fermentation rates per unit of 
Tumen dry matter (Table 4) reflect the 
poor nutrition of the two camels and 
the zebus of experiment 29. The rate 
in the suni was the highest observed in 
any experiments. 

Presumably acetic, propionic, and 
butyric acids were the chief acidic fer- 
mentation products, as in domestic 
ruminants (7). The nature of the fer- 
mentation products in the suni was of 
interest because of its very small size 
and its browsing habit. Direct chroma- 
tography (8) of 3 g of the suni rumen 
contents preserved in Bouin’s fluid 
showed both butyric and _ propionic 
bands. Acetic acid was presumably 
present but was masked because the 
picric acid of the preservative moved 
in the column at the same rate as 
acetic acid. 

The attempt to measure the fermen- 
tation in the elephant caecum and large 
intestine (experiment 50, Table 1) was 
unsuccessful, probably because the bi- 
carbonate in the contents had been ex- 
hausted. These organs were quite in- 
flated with gas at the time of sampling. 
Protozoa (thought to be Elephantoph- 
ilus zeta) and numerous roundworms 
in the caecal contents were visible to 
the naked eye. The caecal contents were 
slightly acid to litmus paper; the colon 
Contents were slightly alkaline. The 
inner surface of the wall of the caecum 
and about two feet of the colon wall 
were ridged and folded, presumably as 
an adaptation for absorption. The 
stomach contents were distinctly acid. 
Samples of the caecal and colon con- 
tents, removed after fermentation in 
those organs appeared to have ceased, 
showed pH’s of 5.8 and 6.4, respec- 
tively, after transport to the laboratory. 
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These values indicate that fermentation 
stopped before very low pH’s were 
reached, as with incubated rumen con- 
tents from cattle on a hay ration. 

The steady-state concentrations of 
fermentation products in the caecum 
and colon of the elephant of experiment 
50 were as follows: large intestine, 14 
pmole of butyric acid, 23 umole of 
propionic acid, 91 umole of acetic acid, 
and 6 umole of formic acid. The kinds 


and amount of acids are similar to those 
often found in the bovine rumen. 

If the energy requirements of mam- 
mals correspond approximately to the 
¥% power of the weight, and if in 
ruminants the rumen fermentation sup- 
plies the major part of these require- 
ments, the total fermentation in the 
smaller ruminants should be greater in 
proportion to their weight than in the 
larger ones. An increased total fermen- 


Table 1. Culture counts of bacteria in the rumen of various wild and domesticated ruminants and in the caecum 


and large intestine of the elephant. 





Colony count 
for cellulose 


Total colony 





count, includin: 
—_ Some digesters scnndladaieh 

(No. /ml) (No. /ml) 

Zebu on grass hay ‘\Ted Ledger, Muguga 2.4 xX 108 

Grant’s gazelle Rift Valley, near Muguga 4 x 10 2 X 10° 

Thompson’s gazelle Rift Valley, near Muguga 2.3 X 106 4 x 108 

Eland Rift Valley, near Muguga 6 xX 106 

Suni Grounds at Muguga 1.3 x 10° 

Starving Zebu Archer’s Post 6 xX 10° 6 xX 10° 

Starving Zebu Archer’s Post 4 x 107 

Female camel Mr. Lowe, Archer’s Post 4.1 x 108 

Male camel Mr. Lowe, Archer’s Post 8 x 106 

Fat-tailed hair-sheep Muguga herd 2 X 106 2 xX 108 

Elephant caecum Budongo Forest, Masindi 1 xX 105 2 X 10 

Elephant colon Budongo Forest, Masindi 1 xX 108 3 xX 108 





Table 2. Data on weights (in pounds, except when g is used to show grams) of contents in the rumen, caecum, 


and large intestine. 





Rumen-reticulum 








Caecum Large intestine 
Animal and wt. — Dry Dry Dry 
Wt. body = Wt. wt. wt. wt. 
7%) (%) (%) 
wt. 
Zebu on fresh grass pasture (530) 80 {5 15.1 3 9.8 2 9.3 
Grant’s gazelle (108) 10 .09 18.0 68 g 22.9 286 g 17.8 
Thompson’s gazelle (53) x 13 23.9 112 g 18.0 242 g* 19.5 
Eland (1143) 122 ll 6 15.1 8 16.1 
Suni (3690 g) 290 g .08 18.7 29 g 15.2 17 g 20.0 
Starving Zebu 53 21.1 2 16.4 3 15.3 
Starving Zebu 54 14.7 1.5 18.5 2.5 19.4 
Camel, very thin, with trypanosomiasis (745) 124 17 19.6 2 21.2 7.5 25.9 
Camel, without food or water for 24 hr (1149) 115 .10 12.4 1.5 17.7 25 18.4 
Elephant (3610) 12t 220* 220* 
Elephant at Paraa (7937) ll 264 610 
Elephant (2357) 15 50 300 





* Estimated but not accurately weighed. f For elephants, ratio is of caecum and large intestine contents to body 


weight. 


Table 3. Results of measurements on the fermentation in the rumen, caecum, and colon. 





Fermentation products (mmole /hr) 














Rumen Caecum Large intestine 
Animal 
% % % 
Acid CO2 CH, of Acid CO2 CH, of Acid CO, CH, of 
total total total 
Zebu on grass pasture 526 575 297 95.5 226 118 3.9 2.6 17.6 85 2.2 1.9 
Grant’s gazelle 70 91 24 97.9 0.67* 0.07 0.4 2.78* 0.34 1.7 
Thompson’s gazelle 32 60 16.0 97.8 1.14 0.022 1.1 1.23 0.035 1.1 
Eland 800 978 488 98.1 20.1 5.3 1.1 15.1 3.45 0.8 
Suni 16.2 11.3 3.5 97.4 0.39 0.044 «1.4 0.32 .074 1.2 
Starving Zebu No. 1 290* 73 
Starving Zebu No. 2 81 148 73 
‘amel, very thin, with 
bs raat diene 343 487 164 96.5 7.1 1.7 0.8 23 4.6 2.7 
Camel, without food or 
water for 24 hr 292 109 98 85.5 4.3 1.3 1.0 63 16.0 13.5 





* Acid and CO? not separately determined. 
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tation (but slower fermentation per 
gram of dry matter) could result from 
retention of food in the rumen for a 
longer time, permitting more complete 
digestion. But longer retention necessi- 
tates a larger rumen and the rumen/ 
body weight ratios in Table 1 do noi 
indicate a greater ratio with decreasing 
body size. 

The demand for extra energy in small 
ruminants could also be met by greater 
consumption of food. Increased food 
consumption, if not accompanied by 
an increase in rumen size, would cause 
faster turnover and a greater fermenta- 
tion rate per unit of dry matter. The 
suni, the smallest ruminant studied, 
showed the greatest fermentation in 
relation to body weight, the greatest 
rate per unit of dry matter, and the 
smallest ratio of rumen contents to body 
weight. Apparently a greater turnover 
rate rather than a larger rumen volume 
accounts for the relatively higher yield 
of fermentation products. A greater 
digestibility of the food consumed 
could also be a factor. Observation of 
the suni rumen contents disclosed green 
seeds and foliage rather than grass. 

A faster turnover in the small rumi- 
nants is also indicated by the lower 
percentage of methane in the total 
rumen fermentation products. In hay- 
fed zebu and European cattle (J) a 
lower percentage of methane is corre- 
lated with a higher fermentation rate 
and decreased retention time. On the 
assumption that this relationship also 
holds in wild ruminants, the low meth- 
ane values indicate faster turnover. 

Since more fermentable food would 
leave the rumen of animals having a 
rapid turnover, the fermentation in 
subsequent parts of the alimentary 
tract should be higher if the turnover 
rate is the only difference. The rate in 
the caecum and intestinal contents of 
the smaller animals is not higher (Table 
4), suggesting that factors in addition 
to turnover affect the completeness of 
food utilization in the rumen. 

From the relationships disclosed in 
these comparative studies it would be 
expected that in domestic ruminants 
with extra energy requirements, as in 
pregnancy and lactation, an increase in 
rumen turnover would be the chief 


Table 4. Fermentation rates (mmole/hr per gram 
dry wt.). 











: Large 
Animal Rumen Caecum intestine 

Zebu 125 37 45 
Grant’s gazelle 233 45 58 
Thompson’s gazelle 142 42 42 
Eland 53 32 
Suni 629 79 64 
Zebu No. | 91 

Zebu No. 2 93 

Female camel 92 46 32 
Male camel 59 69 56 

1194 





means for satisfying the increased need. 
This would involve increased consump- 
tion, presumably through interaction 
with physiological and psychological 
factors which control appetite (9). 

R. E. HUNGATE 
Department of Bacteriology, 
University of California, Davis 

G. D. PHILLIPS 

A. MCGREGOR 

D. P. HUNGATE 
East Africa Veterinary Research 
Organization, Muguga, Kenya 

H. K. BUECHNER* 

Department of Fish and Game, 
Masindi, Uganda 
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Catalepsy in Two Common 
Marine Animals 


Abstract. Two common marine animals 
of the South Atlantic and Gulf coasts, 
Sicyonia brevirostris, a penaeid shrimp, 
and Opsanus beta, a toadfish, may be 
induced to go into cataleptic states in the 
laboratory when they are threatened or 
molested. The behaviors of these two 
animals as they go into catalepsy are 
described. There is considerable paling in 
the fish but none in the shrimp. 


Catalepsy is an interesting phenome- 
non which, aside from various funda- 
mental physiological ramifications, may 
be of interest to surgeons and psycholo- 
gists in the future in connection with 
anesthesia, hypnotism, and other mat- 
ters. It may be defined as a state of 
bodily inactivity and rigidity in which 
the organism has an appearance very 
similar to that of a dead individual. 

We have recently observed the cata- 
leptic state in two common marine 
organisms. The observations seem to be 
of some intrinsic interest, besides pos- 





sibly providing a basis for further ex- 
perimentation. 

The first case pertains to a fairly 
common shrimp, Sicyonia brevirostris, 
one of the so called “rock shrimp” of 
the family Penaeidae. This is a beauti- 
fully colored shrimp, basically white or 
cream-colored with splotches of pink 
and old rose on the legs and extremities 
and purple along the back. It belongs 
to the family which supports the 
largest American shrimp fishery, and it 
is to be found in offshore waters of the 
Atlantic and Gulf coasts of the United 
States and Mexico, from Virginia to 
Yucatan, out to depths of about 40 
fathoms. This shrimp has a hard shell 
and is quite hardy, if kept in water of 
high salinity. There are other closely 
related species. 

We have noted that when this shrimp 
is chased about an aquarium and caught 
by hand, it will go into a rigid state 
with the body arched concavely from 
the head to tail and with the legs and 
swimmerets drawn up tightly against 
the body. When released, the animal 
will fall through the water and come to 
rest on its side on the bottom, where 
it will lie for several seconds, up to a 
half minute. No preliminaries to this 
state have been observed, aside from 
the usual tail flipping which shrimp 
display when molested. This state is 
entered into very quickly, and probably 
no more than a second intervenes be- 
tween the active state and the rigid one 
with the arched back, which is quite 
characteristic. No color change was 
noted. 

A somewhat different behavior is 
presented by the toadfish Opsanus beta, 
of the Gulf coast of the United States. 
This fish is a cognate of Opsanus tau 
of the Atlantic coast, which, because 
of its large and easily obtainable egg, 
has become classic material in studies 
of the embryology of fishes. This species 
has also been utilized in many physio- 
logical studies because it lives in very 
shallow water and is easily obtainable; 
furthermore, it is an inactive, bottom 
fish. The toadfishes have also been 
studied by students of undersea noises, 
because of their well-known ability to 
produce little honking or beeping 
sounds. The toadfishes have no scales, 
and their coloring is generally a mottled 
brown. 

We have noted that in the laboratory 
these fishes may be induced to go into 
a cataleptic state, but the process is not 
so simple as that described for the 
rock shrimp. At first the fish are in- 
duced fairly easily to go into catalepsy, 
but they become more and more recal- 
citrant as the process is repeated. 
Initially a fish might go into the catalep- 
tic state when pursued by a few sweeps 
of the hand around the aquarium. After 
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several repetitions, however, it may 
become necessary to grab the fish and 
shake it, or, in short, threaten it with 
injury. We have tried several specimens 
—more than a dozen over a period of 
several weeks—and they all react in the 
same way. First the fish gives a honk, 
which from the subjective view sounds 
very sad. As one student said, “That 
fish says ‘I’ve had it!” Immediately 
thereafter the fins stiffen, the operculum 
distends to a maximum, and the gills 
themselves are seen to be _ widely 
separated from one another. All in all, 
the fish has the appearance of one 
which has been asphyxiated or has died 
out of the water. Then the fish begins 
to pale all over and rapidly loses its 
color, to such an extent that it becomes 
yellow. This state lasts from several 
seconds up to 2 or 3 minutes. Finally 
the fish gives a convulsive gasp and 
revives. The fish recovers its color 
slowly, and even for a period of several 
minutes to a half hour afterward, a fish 
which has undergone the cataleptic ex- 
perience has a pale appearance. 

It would be interesting to find out 
whether related shrimp and fishes of the 
same genus have similar behaviors. 
Various other interesting questions 
arise, such as the rate of heartbeat 
change, the possible connection of this 
state in the toadfish with the well-known 
ability of this fish to live in water of 
low oxygen content, and the cause of 
the color changes themselves. We have 
no plans to carry these studies further 
and wish to call attention to the fact 
that this material is available along 
most of the East Coast of the United 
States. 

GORDON GUNTER 
DELLA McCauGHAN 
Gulf Coast Research Laboratory, 
Ocean Springs, Mississippi 
9 July 1959 


Spectrum of Venus in the 
Violet and Near-Ultraviolet 


Abstract. Recent observations of the 
Spectrum of the planet Venus, with spec- 
trographs of low and high dispersion at 
the Georgetown College Observatory, 
show that a wide, continuous absorption 
band is present in the violet and near-ul- 
traviolet. The band begins near wave- 
length 4500 A and extends to the short- 
wavelength limit of our spectrograms near 
3800 A. It is similar in structure to the 
Strong absorption, reported by others, for 
gaseous nitrogen tetroxide. 


In his book on the planetary atmos- 
Pheres Kuiper (1) suggests the need 
for further observations of their spec- 
(ta in the ultraviolet. Recently we ob- 
tained, with the 1-prism Reiss spectro- 
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High-dispersion spectra of Venus (a) and the Moon (b). Note the shift in 


spectra between the spectra due to the motions of Venus and the Moon relative to the 


Earth. 


graph of the Georgetown College Ob- 
servatory, a spectrogram of Venus that 
shows practically no spectrum on the 
short-wavelength side of the H and K 
lines. During the current season, with 
Venus as an evening star, we have se- 
cured additional observations confirm- 
ing the earlier result. 

For the later observations we have 
used a concave grating of 21-ft radius. 
It was ruled with 30,000 lines per inch 
by the late H. G. Gale of the University 
of Chicago and is now the property of 
the National Geographic Society. It is 
set up in a Wadsworth mounting, at the 
Georgetown Observatory, and gives a 
dispersion, in the first order, that varies 
from 2.5 to 1.7 A/mm, according to the 
spectral region. With it an exposure of 
about 100 minutes is sufficient to record 
the spectrum of the planet, whereas an 
exposure of about 30 minutes is ample 
for the Moon when it is near full phase. 

Figure 1 shows our results. The spec- 
trum of Venus, beginning near 4500 A, 
declines steadily in intensity toward the 
H and K lines, beyond which little or 
no spectrum is visible to the short-wave- 
length limit of our plates near 3800 A. 
This is in agreement with Kozyrev’s 
(2) observations at much lower disper- 
sion, in which he reports a decrease in 
the albedo of Venus from 0.63 at 4600 
A to 0.12 at 3800 A. However, there is 
no evidence on our spectrograms for 
the selective absorption that he reports 
at 4372 and 4120 A, nor do we find any 
evidence of selective absorption by the 
molecules suggested by Urey and Brew- 
er (3) as probable sources of the ab- 
sorptions reported by Kozyrev. 

Part of the effect revealed by our 
spectrograms is attributable to loss of 
reflectance by the grating, as may be 
noted by comparison with the juxta- 
posed spectrum of the Moon. The gen- 
eral effect, however, is real and is simi- 


lar to that observed in the spectrum of 
Jupiter by Kiess and Corliss (4) and 
reported by them to the American As- 
tronomical Society at the recent meet- 
ing in Rochester, N.Y. This structure- 
less, continuous absorption is practi- 
cally identical with that described by 
several investigators, notably by Harris 
(5) and by Hall and Blacet (6) for 
nitrogen tetroxide, N:O., the molecule 
polymerized at low temperatures from 
the molecule NO:. The presence of this 
absorber in the atmospheres of Jupiter 
and Venus may thus account for the 
failure to detect molecular oxygen in 
them; and depending on conditions of 
temperature and pressure, it may ac- 
count for the color effects. As may be 
seen from our illustration, the Doppler 
shift toward shorter wavelengths of the 
spectrum of Venus relative to that of 
the Moon is adequate to separate lines 
of planetary origin from their terrestrial 
counterparts, such as those of O: and 
H:O; but no such lines, although sought, 
have been observed by us in the spec- 
trum of Venus (7). 
F. J. HEYDEN 
C.C. Kigss 
Harriet K. Kress 
Georgetown College Observatory, 
Washington, D.C. 
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Association Affairs 


Preview of Programs at AAAS 
Chicago Meeting 


Some of the programs to be pre- 
sented at the 1959 AAAS meeting in 
Chicago are given here. Others will be 
announced in subsequent issues. Fur- 
ther information can be found by re- 
ferring to the following articles which 
have appeared in previous issues of 
Science: “Preliminary announcement of 
the Chicago meeting” [129, 1431 (22 
May 1959)]; “Additional program 
notes, hotel headquarters, and housing 
for the Chicago meeting” [130, 226 


(24 July 1959)]; “AAAS Chicago 
meetings, 1868-1959” [130, 923 (9 
Oct. 1959)]. 

Mathematics 


Section A. Vice-presidential address: 
“Topology of Euclidean Three-space,” 
by R. H. Bing, University of Wiscon- 
sin. Symposium: “The New Look in 
Mathematical Education”; 27 Dec.; R. 
H. Bing, presiding. Papers will be pre- 
sented on the work of the Committee 
on the Undergraduate Program (G. 
Baley Price, University of Kansas and 
California Institute of Technology); the 
ninth-grade course of the School Math- 
ematics Study Group (Henry Swain, 
Winnetka, IIl.); new curriculum or new 
pedagogy (Morris Kline, New York 
University); early calculus in the United 
States (William L. Duren, Jr., Univer- 
sity of Virginia). 

Invited papers, cosponsored by the 
Society for Industrial and Applied 
Mathematics: “Trends in the Applica- 
tions of Mathematics,” arranged by 
Brockway McMillan, Bell Telephone 
Laboratories, with Mina Rees, Hunter 
College, presiding; 28 Dec. Introductory 
remarks (Mina Rees); random proc- 
esses in control and communication 
(R. F. Drenick, Bell Telephone Labora- 
tories); mathematical programming and 
the allocation of resources (Philip 
Wolfe, RAND Corporation); compu- 
ters, computation and computer lan- 
guages (Frank Wagner, North Ameri- 
can. Aviation, Inc.). 

Association for Computing Machin- 
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ery. Invited papers: “Today and To- 
morrow in the World of Computers”; 
arranged by a committee, J. H. Weg- 
stein, National Bureau of Standards, 
chairman; 29 Dec.; William F. Cahill, 
National Aeronautics and Space Ad- 
ministration, presiding. Papers: conver- 
sation with a machine (L. S. Green, 
KCS Limited, Toronto, and E. C. 
Berkeley, Berkeley Enterprises, Inc.); 
selective dissemination of new scientific 
information (H. P. Luhn, International 
Business Machines); stock brokerage 
accounting on a digital computer (Rob- 
ert Joslyn, C-E-I-R, Inc.); an evalua- 
tion of Soviet computer efforts (John 
W. Carr, III, University of North Car- 
olina). 


Physics 


Section B. Four-session symposium, 
cosponsored by Sigma Pi Sigma: “Re- 
cent Advances in Physics,” arranged 
by J. Howard McMillen, National Sci- 
ence Foundation; 26, 28, and 29 Dec. 
Part I. Paper on high energy particles 
in the cosmic radiation (Marcel Schein, 
University of Chicago). Part II. Paper 
on the major unsolved problems of the- 
oretical physics (Harold W. Lewis, Uni- 
versity of Wisconsin). Part III. Papers 
on the progress and puzzles in nuclear 
structure (David R. Inglis, Argonne Na- 
tional Laboratory) and new ideas for 
accelerating multibillion-volt particles 
(Keith R. Symon, University of Wis- 
consin). Part IV. Papers on collisions 
between oriented atoms, photons, and 
thermal electrons (Richard H. Sands, 
University of Michigan) and filament 
optics (Walter L. Hyde, American Op- 
tical Company). 3 

Physicists’ luncheon and _ vice-presi- 
dential address of Section B (joint ses- 
sion with Sigma Pi Sigma and the Phys- 
ics Club of Chicago): “Ethics and 
Thermodynamics,” by Robert B. Lind- 
say, Brown University; 29 Dec.; Joseph 
C. Boyce, Illinois Institute of Technol- 
ogy, presiding. 

Three symposia sponsored by Sec- 
tion L-History and Philosophy of Sci- 
ence which may be of interest to physi- 
cists are: “Empirical and Conventional 


Elements in Physical Theory,” “The 
Logic of Variables and Constants,” 
“Philosophical Issues of the Quantum 
Theory.” Further details will be an- 
nounced in a subsequent issue of Sci- 
ence. 


Chemistry 


Section C. Biochemistry Symposium: 
“Structure and Metabolism of Col- 
lagen”; 28 Dec.; arranged by Jerome 
Gross, Massachusetts General Hospital, 
who will preside. Papers will be pre- 
sented on the structure of collagen (Al- 
exander Rich, Massachusetts Institute 
of Technology); collagen-gelatin transi- 
tion (Peter H. Von Hippel, Dartmouth 
College); unusual linkages in collagen 
(Paul M. Gallop, Albert Einstein Col- 
lege of Medicine); biosynthesis of colla- 
gen (David S. Jackson, University of 
Oregon Medical School); the collagen 
defect in vitamin C deficiency (William 
B. Van Robertson, University of Ver- 
mont); the collagen defect in lathyrism 
(Jerome Gross); immune reactions of 
collagen (Sidney Rothbard, Cornell 
University Medical College). 

Organic Chemistry Symposium: 
“Some Recent Developments in Or- 
ganic Chemistry”; 28 Dec.; S. Archer, 
Sterling-Winthrop Research Institute, 
presiding. Papers will be presented on 
organic chemical models of enzymatic 
hydrolysis (Myron L. Bender, Illinois 
Institute of Technology); practical pro- 
cedures for the sodium-ammonia-alco- 
hol reduction of aromatic compounds 
(Hugh L. Dryden, Jr., Gayle M. Web- 
ber, Robert R. Burtner, John A. Cella, 
of G. D. Searle and Company); mech- 
anisms of proton transfer processes 
(Howard E. Zimmerman, Northwestern 
University); specific solvent effects in 
the alkylation of enolate anions (Har- 
old E. Zaugg, Abbott Laboratories). 

Inorganic and Nuclear Chemistry 
Symposium: “Some Recent Advances 
in Inorganic and Nuclear Chemistry”: 
29 Dec.; J. J. Katz, Argonne National 
Laboratory, presiding. Papers will be 
presented on recent experimental stu- 
dies of nuclear fission (John R. Hui- 
zenga, Argonne National Laboratory); 
current problems in mechanisms of 
complex reactions (Henry Taube, Uni- 
versity of Chicago); rates and mech- 
anisms by magnetic resonance (S. I. 
Weissman, Washington University). 

Radiation Chemistry Symposium: 
“High-Energy Radiation Chemistry of 
Proteins and Amino Acids”; 29 Dec.; 
W. D. Bellamy, General Electric Re- 
search Laboratory, presiding. Introduc- 
tory remarks (W. D. Bellamy); papers 
on physicochemical changes in irradi- 
ated proteins (Virgil L. Koenig, North- 
western University); chemical changes 
in irradiated proteins (D. M. Doty, 
University of Chicago); analytical 
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methods used in the study of irradiated 
proteins (C. Merritt, Jr., Quartermas- 
ter Research and Engineering Com- 
mand, U.S. Army); irradiated amino 
acids (Charles Maxwell, National In- 
stitutes of Health). 

On 30 Dec. there will be two sessions 
of submitted papers cosponsored by the 
Chicago Section, American Chemical 
Society. Edmund Field, Standard Oil 
Company of Indiana, will preside. 

Section C will hold a reception for 
the speakers and a dinner for symposia 
chairmen and guests on 29 Dec. 

American Association of Clinical 
Chemists. Symposium: “Diet, Serum 
Lipids, Lipid Metabolism, and Athero- 
sclerosis”; arranged by Alvin Dubin, 
Cook County Hospital, Chicago, with 
Jeremiah Stamler, Heart Disease Con- 
trol Program and Northwestern Uni- 
versity School of Medicine, moderating: 
27 Dec. Introductory remarks (Jere- 
miah Stamler); papers on the role of 
diet (J. T. Miller, Abbott Laborato- 
ries); influence of meal frequency and 
meal size (Clarence Cohn, Michael 
Reese Medical Center); role of immu- 
nological mechanism and _ lipoprotein 
lipase (Saul T. Baker, Chicago Medical 
School and Cook County Graduate 
School of Medicine); intermediary me- 
tabolism of cholesterol (Ivan D. Frantz, 
Jr., University of Minnesota Medical 
School). 

Contributed papers will be presented 
26 Dec., Chiadao Chen, Northwestern 
University Medical School, moderating, 
and 27 Dec., Martin E. Hanke, Uni- 
versity of Chicago Medical School, 
moderating. 


Astronomy 


Section D. Symposium on the Solar 
System cosponsored by the American 
Astronautical Society: 26 Dec.; ar- 
ranged by Gerard P. Kuiper, Yerkes 
Observatory, who will preside. Papers 
will be presented on meteorites and as- 
teroids (Edward Anders, Enrico Fermi 
Institute) ; heat maps of the moon (Wil- 
liam H. Sinton, Lowell Observatory); 
lunar cartography (D. W. G. Arthur, 
Yerkes Observatory); development of 
the lunar surface (Gerard P. Kuiper); 
thermal and non-thermal emission of 
planets (Frank D. Drake, National Ra- 
dio Astronomy Observatory). 

Symposium cosponsored by the As- 
tronomical League: “Astronomical 
Photoelectric Photometry”; 26 Dec.; 
arranged by Arthur Code, Washburn 
Observatory, University of Wisconsin, 
who will preside. Papers will be pre- 
sented on history and development of 
Photoelectric technique; studies of vari- 
able stars and galactic structure by pho- 
toelectric methods; photoelectric pho- 
tometry and amateur astronomy; future 
advances in photoelectric technique. 


30 OCTOBER 1959 


Astronomical League. Symposium: 
“Photoelectric Photometry”; arranged 
by Edward A. Halbach, Milwaukee As- 
tronomical Society Observatory; papers 
will be presented on designing a good 
photoelectric photometer to meet the 
amateur’s budget (Walter L. Moore, 
University of Louisville); flare of AD 
Leonis observed by photoelectric pho- 
tometer (Donald Engelkemeir, Hinsdale, 
Ill.);| photoelectric program of the 
AAVSO (John J. Ruiz, Dannemora, 
N.Y}. 


Geology and Geography 


Section E. Three-session symposium 
cosponsored by the Geological Society 
of America: “Quantitative Terrain Stud- 
ies.” Part I; arranged by Arthur N. 
Strahler, Columbia University, Jack R. 
Van Lopik, Warren E. Grabau, and 
Charles R. Kolb, U.S. Army Engineers 
Waterways Experiment Station, with 
Charles R. Kolb presiding. Papers will 
be presented on prediction in terrain 
analysis (Walter F. Wood, U.S. Army 
Quartermaster Research and Engineer- 
ing Command); determination of the 
spatial relationships of locally dominant 
topographic features (Will F. Thomp- 
son, U.S. Army Quartermaster Research 
and Engineering Command); area sam- 
pling for terrain analysis (Louis Peltier, 
Midwest Research Institute, Kansas 
City); the technique of morphological 
mapping (R. A. G. Savigear, Univer- 
sity of Sheffield, United Kingdom); pos- 
sible gaussian components of zig-zag 
curves (W. F. Tanner, Florida State 
University); influence of scale in geo- 
morphic map analysis (Donald R. 
Coates, Harpur College); characteris- 
tic and limiting slope angles (Anthony 
Young, Zomba, Nyasaland). 

Part II; arranged by Howard A. 
Meyerhoff, Scientific Manpower Com- 
mission, and Charles R. Kolb, Warren 
E. Grabau, and Jack R. Van Lopik, 
U.S. Army Engineer Waterways Ex- 
periment Station, with Jack R. Van 
Lopik presiding. Papers will be pre- 
sented on preliminary investigations of 
a method to predict line-of-sight capa- 
bilities (Joan B. Snell, U.S. Army Quar- 
termaster Research and Engineering 
Command); terrain mask angles (A. 
Stein, Cornell Aeronautical Labora- 
tory); classification and quantitative 
description of large geographic areas 
to define army transport system require- 
ments (Seymour J. Deitchman, Cornell 
Aeronautical Laboratory); spectral re- 
flectance data and its applicability to 
terrain studies by aerial photography 
(S. E. Swornik, C. N. Johnson, U.S. 
Army Engineer Research and Develop- 
ment Laboratories, J. C. Little and J. 
E. Walker, Broadview Research Cor- 
poration); radar as a terrain analyzing 
device (Allen M. Feder, Cornell Aero- 


nautical Laboratory); objective field 
sampling of terrain properties (Arthur 
N. Strahler, Columbia University, and 
Donaldson Koons, Colby College); an 
instrumentation system for the measure- 
ment of stress-strain relationships of 
soil (I. J. Sattinger, University of 
Michigan). 

Part III; arranged by Charles R. 
Kolb, Jack R. Van Lopik, and Warren 
E. Grabau, U.S. Army Engineer Water- 
ways Experiment Station. Warren E. 
Grabau and Louis C. Peltier, Midwest 
Research Institute, Kansas City, pre- 
siding. Papers will be presented on 
weathering and geomorphic develop- 
ment (B. N. Rolfe, Sinclair Research 
Laboratories, Inc.); chemical degrada- 
tion on opposite flanks of the Wind 
River Range, Wyoming (Charles H. 
Hembree and Frank H. Rainwater, U.S. 
Geological Survey); the value of land- 
form analysis in studies of semiarid ero- 
sion (Stanley A. Schumm and R. F. 
Hadley, U.S. Geological Survey); use 
of recharge characteristics for quanti- 
tative analysis in geomorphology (Ward 
S. Motts, Roswell, N.M.); micro-relief- 
physiography-land use relationships 
(Stephen E. Dwornik, Philip K. Webb 
and Jack R. MacCormac, U.S. Army 
Engineer Research and Development 
Laboratories); average slope and agri- 
cultural productivity in Ohio (Wood- 
ford M. Garrigus, East Carolina Col- 
lege). 

Three-session symposium, cospon- 
sored by Section M-—Engineering, the 
Geological Society of America, The 
American Geophysical Union, and The 
Association of American Geographers: 
“Great Lakes Basin”; arranged by 
George B. Maxey, Illinois State Geo- 
logical Survey, and Jack L. Hough, Uni- 
versity of Illinois; 29 and 30 Dec. Part 
I, George B. Maxey and Jack L. Hough, 
presiding. Introduction (George B. 
Maxey); Papers on geologic framework 
of the Great Lakes Basin (Jack L. 
Hough); physiography, topography, 
and watershed characteristics of the 
Great Lakes Basin (William Powers, 
Northwestern University); the water 
balance of the Great Lakes system (G. 
K. Rodgers, Ontario Department of 
Lands and Forests, and J. P. Bruce, 
Canada Department of Transport); 
lake waters—circulation and physical 
and chemical characteristics (John C. 
Ayers, Great Lakes Research Institute, 
University of Michigan); regimen of 
the Great Lakes and fluctuations of lake 
level (William T. Laidly, U.S. Lake 
Survey, Corps of Engineers); recession 
of Great Lakes shorelines (Howard 
J. Pincus, Ohio State University). Open 
discussion by members of the panel. 

Part II, Albert G. Ballert, Great 
Lakes Commission, and John C. Ayers, 
University of Michigan, presiding. Pa- 
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pers will be presented on economic 
geography: mineral, agricultural, and 
industrial resources development (Al- 
bert G. Ballert); the land use pattern 
(Andrew H. Clark, University of Wis- 
consin); development of the transpor- 
tation network (Carl W. Muhlenbruch 
and Robert C. Stuart, Educational and 
Technical Consultants, Inc.); naviga- 
tion on the Great Lakes (Edwin W. 
Nelson, U.S. Corps of Engineers); hy- 
droelectric power in the Great Lakes— 
St. Lawrence Basin (Kenneth G. Tower, 
Federal Power Commission); utiliza- 
tion of water in the Great Lakes Basin: 
recreation (Stanley A. Cain, Univer- 
sity of Michigan); the nature of use 
and consumption of Great Lakes water 
for domestic and industrial purposes 
(Merril B. Gamet, Northwestern Tech- 
nological Institute). 

Part III, Howard J. Pincus, Ohio 
State University, and M. B. Gamet, 
Northwestern Technological Institute, 
presiding. Papers will be presented on 
ground-water supplies in Wisconsin and 
Illinois adjacent to Lake Michigan 
(Robert E. Bergstrom, Illinois State 
Geological Survey, and George F. Han- 
son, Wisconsin Geological and Nat- 
ural History Survey); surface and 
ground-water supplies in Ontario (A.K. 
Watt, Ontario Water Resources Com- 
mission); surface and ground-water 
supplies in Lake Michigan Drainage 
Basin in Indiana (Claude Roberts, U.S. 
Geological Survey); water pollution in 
the Great Lakes (Arve Dahl, U.S. Pub- 
lic Health Service); beach engineering 
and harbor protection (R. O. Eaton, 
Beach Erosion Board); more fruitful 
use of Great Lakes water through legis- 
lation, investigation, and cooperation 
(H. W. Poston, U.S. Public Health 
Service). Open discussion by members 
of the panel. Summary (George B. 
Maxey). 

Section E smoker and vice presiden- 
tial address, cosponsored by the Geo- 
logical Society of America and the As- 
sociation of American Geographers: 
“Role of Subsidence in the Origin and 
Evolution of the Appalachian Moun- 
tains,” by Byron N. Cooper, Virginia 
Polytechnic Institute; 29 Dec.; Howard 
A. Meyerhoff, presiding. 

Association of American Geogra- 
phers. Symposium: “The Geographer’s 
Role in Transportation Studies”; 29 
Dec.; arranged by Alden Cutshall, Uni- 
versity of Illinois; Edward Taaffe, 
Northwestern University, presiding. Pa- 
pers will be presented on the history, 
purpose, and scope of a transportation 
study (E. Wilson Campbell, Chicago 
Area Transportation Study); land use 
and floor inventory (Robert Sharkey, 
Chicago Area Transportation Study); 
land use and travel forecast (John R. 
Hamburg, Chicago Area Transporta- 
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tion Study); maps and graphics as a 
mode of analysis for planning (Garred 
Jones, Chicago Area Transportation 
Study); summary comments (Edward 
Taaffe). 

Symposium: “Southwest Asia and 
North Africa’; 29 Dec.; Alden Cut- 
shall, chairman. Papers will be pre- 
sented on animal life and continuity of 
environment in the late Quaternary in 
northern Iraq (Charles Reed, Univer- 
sity of Illinois); late Pleistocene glacia- 
tion in Southwest Asia (Herbert E. 
Wright, Jr., University of Minnesota) ; 
man-made environmental changes in 
the historical period of North Africa 
(Marvin Mikesell, University of Chi- 
cago); chronology and implications of 
fossil soils in the terraces of the Nile 
Valley (Karl W. Butzer, University of 
Wisconsin). 

Illinois Geographical Society. Sym- 
posium, cosponsored by the Associa- 
tion of American Geographers: “Eco- 
nomic Changes in Underdeveloped 
Areas”; arranged by Mary Grant, Mor- 
ton Junior College; 28 Dec.; Dalias 
Price, Eastern Illinois University, pre- 
siding. Papers will be presented on some 
recent changes in the economy of 
Egypt, United Arab Republic (Floyd 
F. Cunningham, Southern Illinois Uni- 
versity); post-war economic changes in 
Nigeria (Robert O. Johnsrud, North- 
western University); some new develop- 
ments in Thailand’s economy (Helen L. 
Smith, Wheaton College); patterns and 
progress in the Philippines (Alden D. 
Cutshall); economic changes in the re- 
gion of Brazil’s new capital (Robert L. 
Carmin, University of Illinois). 

National Geographic Society. Lecture 
and color film, “Dzibilchaltun: Lost 
City of the Maya,” by E. Wyllys An- 
drews, leader of the National Geo- 
graphic Society-Tulane University Ex- 
pedition; 30 Dec. 

National Speleological Society. Two- 
session symposium cosponsored by the 
Society of Systematic Zoology: “Specia- 
tion and Raciation in Cavernicoles”; 
Thomas C. Barr, Jr., Tennessee Poly- 
technic Institute, chairman; 28 Dec. 
Part I. Papers on speciation in North 
American cave planarians (Libbie H. 
Hyman, American Museum of Natural 
History); the origins and affinities of 
the cave crayfishes of North America 
(Horton H. Hobbs, Jr., University of 
Virginia); speciation in cave opiliones 
(Clarence J. Goodnight, Purdue Uni- 
versity) ; sequential development of cave 
adaptation in the Amblyopsidae (Thom- 
as L. Poulson, University of Michigan). 

Part Il. Papers on evolution in cave 
entomobryinae (Kenneth Christiansen, 
Grinnell College); the manner and time 
of dispersal of cavernicolous beetles 
(Carl H. Krekeler, Valparaiso Univer- 
sity); Texas cave beetles of the genus 


Rhadine (Thomas C. Barr, Jr., Tennes- 
see Polytechnic Institute); speciation in 
American  cavernicolous __ pselaphid 
beetles (Orlando Park, Northwestern 
University). 

Symposium, cosponsored by the Geo- 
logical Society of America: “Origin 
and Development of Limestone Cav- 
erns”; 28 Dec.; George W. Moore, 
U.S. Geological Survey, presiding. Pa- 
pers will be presented on origin of caves 
in folded limestone (William E. Davies, 
U.S. Geological Survey); origin of Ber- 
muda caves (J Harlen Bretz, Univer- 
sity of Chicago); changing concepts of 
speleogenesis (William R. Halliday, 
Western Speleological Survey); origin 
and geologic relations of Breathing 
Cave, Virginia (George H. Deike, III, 
University of Missouri); terminations 
of passages in Appalachian caves as 
evidence for a shallow-phreatic origin 
(William B. White, Pennsylvania State 
University) ; stochastic models of cavern 
development (Rane L. Curl, Shell De- 
velopment Company); geometric basis 
for cave interpretation (Arthur L. 
Lange, Cave Research Associates). 

Those in the physical sciences will be 
particularly interested in the AAAS 
General Symposium. One of the speak- 
ers on the evening of 26 Dec. will be 
William H. Pickering, Director, Jet 
Propulsion Laboratory, California In- 
stitute of Technology, who will speak 
on “How artificial satellites can help 
scientific research.” Another speaker 
will be Robert E. Marshak, chairman 
of the Department of Physics and As- 
tronomy, University of Rochester, who 
will speak on “Elementary particles of 
modern physics.” 


Forthcoming Events 
November 


27-17. Bahamas Medical Conf. Nassau. 
(B. L. Frank, Box 4037, Fort Lauderdale, 
Fla.) 

29-30. American College of Chest Phy- 
sicians, Dallas, Tex. (M. Kornfield, 112 
E. Chestnut St., Chicago 11, Ill.) 

29-4. American Soc. of Mechanical 
Engineers, annual, Atlantic City, N.J. 
(ASME, 29 W. 39 St., New York 18.) 

30-2. American Acad. for Cerebral 
Palsy, 13th annual, Los Angeles, Calif. 
(G. L. Brooks, AACP, Brown Univ., 
Providence 12, R.I.) 

30-2. French-Speaking Neurosurgeons 
Society, annual, Paris, France. (M. David, 
4, rue Galliera, Paris.) 

30-3. Eastern Joint Computer Conf., 
Boston, Mass. (Miss M. Fox, EJCC, Box 
4999, Washington 8.) 

30-3. Entomological Soc. of America 
(joint with the societies of Canada and 
Ontario), annual, Detroit, Mich. (L. L. 
Reed, Entomological Soc. of Canada, 
Science Service Building, Ottawa, Can- 
ada.) 
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in 
id 
126th AAAS MEETING 
0- 
€| hi 26-31 D ber 1959 
f Chicago, . ecember 
re, 
es The four hotels for the AAAS Chicago meeting have established special low rates and have reserved large 
es, blocks of rooms at each level within the price ranges quoted. Thus everyone making room reservations for the 
er- AAAS meeting is assured substantial savings. Further, all confirmations will state the room rate assigned. 
er- The list of hotels and their rates and the reservation coupon below are for your convenience in making your 
5 hotel reservation in Chicago. Please send your application, not to any hotel directly, but to the AAAS Housing 
vd Bureau in Chicago and thereby avoid delay and confusion. The experienced Housing Bureau will make assign- 
ng ments promptly; a confirmation will be sent you in two weeks or less. 
Il, If desired, the hotels will add a cot at $3.00 per night—except that all children under 12 are free. Mail your 
ns application now to secure your first choice of desired accommodations. All requests for reservations must give a 
sin definite date and estimated hour of arrival, and also probable date of departure. 
ate 
ms AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
e- 
Sis *No sessions in public rooms. For a list of the headquarters of each participating society and section, 
i see page 228, Science, 24 July. 
b Rates for Rooms with Bath 
e 
AS | Hotel Single Double Bed Twin Bed Suite 
Morrison $6.50— 9.00 $9.00—13.00 $11.00—15.00 $30.00 and up 
pe Hamilton 6.50— 9.50 9.00—13.00 11.00—15.00 25.00 and up 
ke La Salle 7.50—10.00 10.50—13.00 12.50—15.50 35.50 and up 
“ak Sherman 7.45—12.45 11.45—16.45 14.45—19.50 28.50 and up 
elp *Bismark 6.50—10.00 9.00—13.00 11.00—15.00 
ker | 
an 
As- | ---- THIS IS YOUR HOUSING RESERVATION COUPON ——————————————— 
a AAAS Housing Bureau 
Suite 900 eee. CE AMBMEMION. . ooo. Boe cic nas woes tle nee eames 
134 North La Salle Street 
Chicago 2, Ill. 
I Please reserve the following accommodations for the 126th Meeting of the AAAS in Chicago, 26-31 Dec., 1959: 
{ TYPE OF ACCOMMODATION DESIRED 
j MIRC CION Tes os hls Seas Desired Rate ............ Maximum Rate ..... 0.02662. 
ia | Double-Bedded Room ........ ROBIN RONG os his. b 58a, c se Maximum Rate ............ Number in party ..5..52... 2.35 
"| Twin-Bedded Room .......... [> gS ren rare Meneemut RAS >. 6c os. et 
hy- BORE UU eae t hon Reeve Desired Rate ..........44 Maximum Rate ............ Sharing this room will be: 
112 (Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 
ical | 
N.S. eee ee See eeeeseeseeeeeeseeeteeeeeeeeeeeeeeee eee eee eee eee See see eeSeeeeeseeeeeeeeeeseeeeeeee eee eee eee eee eee eee eee eee ees 
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liv., 
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vid, 
nf., BES ES; ARRAN (oS See 2k aed eegteaaes so «CSS Stik ete, DEPARTURE DATE occ.) onde s in cesnn cn cpenmesheese 
Box (These must be indicated—add approximate hour, a.m. or p.m.) 
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THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE 
and 


THE NATIONAL SCIENCE FOUNDATION 


announce the publication of revised editions of two popular book- 
lists, and the issuance of three new publications of the Science 
Library Program: 


THE TRAVELING HIGH SCHOOL SCIENCE LIBRARY (5th 
edition, 1959), an annotated catalog of the 200 books in a special 
loan collection being sent to 1700 schools this year, 25¢ a copy. 


THE TRAVELING ELEMENTARY SCHOOL SCIENCE LI- 
BRARY (list edition), an annotated catalog of the 160 books in a 
special collection being sent to 800 selected elementary schools, 
25¢ a copy. 


AN INEXPENSIVE SCIENCE LIBRARY (3rd edition, 1959), a 
selected and annotated list of over 400 paperbound science books 
suitable for high-school students and non-specialist adult readers, 
25¢ a copy. 


THE AAAS SCIENCE BOOK LIST (1959), an annotated check- 
list of about 900 books recommended for high-school and public 
libraries prepared with the collaboration of members of the AAAS 
Council and other scientists and educators, $1.00 per copy, net. 


A SELECTED LIST OF CAREER GUIDANCE PUBLICATIONS, 
prepared for high school students and teachers. Single copy free. 


A discount of one-third is offered on orders for 25 or more copies 
of all lists, except The AAAS Science Book List, if sent to a single 
address. Remittances should accompany orders totalling less than 
$5.00. Do not send postage stamps in payment. 


Address orders to AAAS PUBLICATIONS 
1515 Massachusetts Avenue, N.W. 
Washington 5, D.C. 





30-16. Tropical Meteorology, symp., 
Nairobi, Kenya, East Africa. (Secretariat, 
World Meteorological Organization, Cam- 
pagne Rigot, Avenue de la Paix, Geneva, 
Switzerland. ) 

30-17. Problems of Tropical Meteor- 
ology in Africa and the Neighboring Is- 
lands, symp., Nairobi, Kenya, Africa. 
(World Meteorological Organization, Cam- 
pagne Rigot, 1, Avenue de la Paix, Geneva, 
Switzerland. ) 


December 


1-3. Eastern Joint Computer Conf., 
Boston, Mass. (D. T. Ross, Dept. of Elec- 
trical Engineering, Massachusetts Inst. of 
Technology, Cambridge.) 

1-4, American Medical Assoc. (clinical), 
Dallas, Tex. (R. M. McKeown, 510 Hall 
Bldg, Coos Bay, Oreg.) 

2-4. Electrical Furnace Conf., Cleve- 
land, Ohio. (E. O. Kirkendall, AIME, 29 
W. 39 St., New York 18.) 

3-4. Semiconductor Surfaces, 2nd conf., 
Silver Spring, Md. (R. F. Greene, U.S. 
Naval Ordnance Lab., White Oak, Silver 
Spring, Md.) 

3-4. Vehicular Communications, St. 
Petersburg, Fla. (L. G. Cumming, IRE, 
1 E. 79 St., New York 21.) 

3-5. Corrosion, symp., Dresden, Ger- 
many. (Chemische Gesellschaft in der 
Deutschen Demokratischen Republik, Un- 
ter den Linden 68/70, Berlin W.8, Ger- 
many.) 

3-5. Visual Communications, 3rd an- 
nual intern. conf., New York, N.Y. (E. 
Kaestner, Soc. of Reproductive Engineers, 
Bell Telephone Labs., New York, N.Y.) 

3-11, Training and Education in Nutri- 
tion, European symp., Frankfurt am Main, 
Germany. (Food and Agricultural Organ- 
ization of the United Nations, Viale delle 
Terme di Caracalla, Rome, Italy.) 

3-12. International Confederation of 
Free Trade Unions, 7th world cong., Brus- 
sels, Belgium. (ICFTU, 24, rue du Lom- 
bard, Brussels.) 

4-6. American Psychoanalytic Assoc., 
New York, N.Y. (D. Beres, 151 Central 
Park West, New York 23.) 

5-10. American Acad. of Dermatology 
and Syphilology, Chicago, Ill. (R. R. Kier- 
land, First National Bank Bldg., Rochester, 
Minn.) 

6. American Acad. of Dental Medicine, 
mid-annual, New York, N.Y. (A. J. Can- 
nistraci, 2152 Muliner Ave., New York 
62.) 

6-10. American Inst. of Chemical En- 
gineers, annual, San Francisco, Calif. (F. 
J. Van Antwerpen, AICE, 25 W. 45 St., 
New York 36.) 

7-12. Algology, UNESCO symp., New 
Delhi, India. (J. P. Correa, South Asia 
Cooperation Office, 21, Curzon Rd., New 
Delhi, India.) 

8-10. Application of Electrical Insula- 
tion, 2nd natl. conf., Washington, D.C.) 
(N. S. Hibshman, AIEE, 33 W. 39 St. 
New York 18.) 

9-15. American Acad. of Optometry, 
Chicago, Ill. (C. C. Koch, 1506-1508 Fo- 
shay Tower, Minneapolis 2, Minn.) 

11-12. American Rheumatism Assoc., 
Detroit, Mich. (F. E. Demartini, Presby- 
terian Hospital, 622 W. 168 St.; New York 
32.) 
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Nervous and Mental Disease, annual, 
New York, N.Y. (R. J. Masselink, 700 W. 
168 St., New York 32.) 

25-27. Indian Mathematical Soc., 25th 
conf., Allahabad, India. (B. N. Prasad, 
Allahabad Univ., Lakshmi Niwas, George 
Town, Allahabad 2.) 

26-30. American Assoc. for the Ad- 
vancement of Science, annual, Chicago, 
Ill. (R. L. Taylor, AAAS, 1515 Massa- 
chusetts Ave., N.W, Washington 5.) 





The following 46 meetings are being 
held in conjunction with the AAAS an- 
nual meeting. 

AAAS Committee on Science and the 
Promotion of Human Welfare (B. Com- 
moner, School of Botany, Washington 
Univ., St. Louis 5, Mo.). 27 Dec. 

AAAS Cooperative Committee on the 
Teaching of Science and Mathematics 
(Brother G. Nicholas, Dept. of Biology, 
Univ. of Notre Dame, Notre Dame, Ind.). 
27 Dec. 

Academy Conference (A. M. Winches- 
ter, Stetson Univ., De Land, Fla.). 27-28 
Dec. 

Alpha Epsilon Delta (M. L. Moore, 7 
Brookside Circle, Bronxville, N.Y.). 29 
Dec. 

American Assoc. of Clinical Chemists 
(A. Dubin, Director of Biochemistry, 
Cook County Hospital, Chicago 12, II1.). 
26-27 Dec. 

American Geophysical Union (W. C. 
Krumbein, Dept. of Geology, Northwest- 
ern Univ., Evanston, IIl.). 28 Dec. 

American Meteorological Soc. (K. Spen- 
gler, 3 Joy St., Boston, Mass.). 

American Nature Study Soc. (E. L. Will, 
State Univ. Teachers College, Oneonta, 
N.Y.). 26-30 Dec. 

American Physiological Assoc. (F. A. 
Hitchcock, Ohio State Univ., Columbus). 
28 Dec. 

American Political Science Assoc. (J. 
Robinson, Dept. of Political Science, 
Northwestern Univ., Evanston, Ill.). 28 
Dec. 

American Psychiatric Assoc. (E. L. 
Bliss, General Hospital, Salt Lake City, 
Utah). 28-29 Dec. 

American Soc. of Criminology (D. E. 
J. MacNamara, New York Inst. of Crimi- 
nology, Inc., New York 36). 28-29 Dec. 

American Soc. of Naturalists (A. D. 
Hasler, Dept. of Zoology, Univ. of Wis- 
consin, Madison). 27-28 Dec. 

American Soc. of Plant Taxonomists 
(L. R. Heckard, Dept. of Botany, Univ. 
of Illinois, Urbana). 28-30 Dec. 

American Sociological Soc. (J. S. Cole- 
man, Dept. of Sociology, Univ. of Chi- 
cago, Chicago 37, Ill.). 28-29 Dec. 

American Statistical Assoc. (R. F. 
Winch, Dept. of Sociology, Northwestern 
Univ., Evanston, Ill.). 29-30 Dec. 

Association of American Geographers 
(A. Cutshall, Univ. of Illinois, Navy Pier, 
Chicago 11). 29 Dec. 

Association for Computing Machinery 
(W. F. Cahill, Goddard Space Flight Cen- 
ter, Silver Spring, Md.). 29 Dec. 

Astronomical League (E. Halbach, 2971 
S. 52 St., Milwaukee 19, Wisc.). 26 Dec. 

Beta Beta Beta (Mrs. F. G. Brooks, P.O. 
Box 515, Ansonia Station, New York 23). 
27-28 Dec. 
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Chicago Acad. of Sciences (R. A. Ed- 
gren, Chicago Acad. of Sciences, 2001 N. 
Clark St., Chicago 14, Ill.). 29-30 Dec. 

Conference on Scientific Communica- 
tions (G. L. Seielstad, Applied Physics 
Lab., Johns Hopkins Univ., Silver Spring, 
Md.). 28-29 Dec. 

Conference on Scientific Manpower (T. 
J. Mills, National Science Foundation, 
Washington 25). 28 Dec. 

Ecological Soc. of America (W. C. Ash- 
by, Dept. of Botany, Univ. of Chicago, 
Chicago 37, Ill.). 28-30 Dec. 

Honor Soc. of Phi Kappa Phi (L. R. 
Guild, 634 S. Western Ave., Los Angeles 
5, Calif.). 30-31 Dec. 

Illinois Geographical Soc. (Miss M. 
Grant, Morton Junior College, Cicero, 
Ill.). 28 Dec. 

Institute of Management Sciences (M. 
M. Flood, College of Engineering, Univ. 
of Michigan, Ann Arbor). 29 Dec. 

Metric Assoc. (J. T. Johnson, Ravens- 
wood YMCA, 1725 Wilson Ave., Chicago 
40, Til.). 

Mycological Soc. of America (D. P. 
Rogers, Dept. of Botany, Univ. of Illinois, 
Urbana). 

National Assoc. of Biology Teachers 
(H. E. Weaver, 202 Men’s Old Gym, Univ. 
of Illinois, Urbana). 26-30 Dec. 

National Acad. of Economics and Po- 
litical Science (J. Rothrock, Pan American 
Union, Washington 6). 29 Dec. 

National Assoc. for Research in Science 
Teaching (J. C. Mayfield, Univ. of Chi- 
cago, Chicago 37, Ill.). 26-30 Dec. 

National Assoc. of Science Writers (P. 
Fraley, Evening Bulletin, 
Pa.). 27 Dec. 


National Geographic Soc. (W. R. Gray, 


NGS, 16 and M Sts., NW, Washington 
6). 30 Dec. 

National Science Teachers Assoc. (R. 
H. Carieton, NSTA, 1201 16 St., NW, 
Washington, D.C.). 26-30 Dec. 

National Soc. for Medical Research (R. 
A. Rohweder, NSMR, 920 S. Michigan 
Blvd., Chicago 5, Ill.). 29 Dec. 

National Speleological Soc. (T. C. Barr, 
Jr., Tennessee Polytechnic Inst., Cooke- 
ville, Tenn.). 28 Dec. 

Philosophy of Science Assoc. (W. A. R. 
Ley, Roosevelt College, Chicago, IIl.). 28 
Dec. 

Scientific Research Soc. of America (D. 
B. Prentice, 56 Hillhouse Ave., New 
Haven 11, Conn.). 29 Dec. 

Sigma Delta Epsilon (Miss E. S. Ander- 
son, Stratford Hotel, 25 E St., NW, Wash- 
ington, D.C.). 26-30 Dec. 

Society for General Systems Research 
(R. L. Meier, Mental Health Research 
Institute, Univ. of Michigan, Ann Arbor). 

Society for the History of Technology 
(M. Kronzberg, Dept. of History, Case 
Inst. of Technology, Cleveland, Ohio). 

Society of the Sigma Xi (T. T. Holme, 
56 Hillhouse Ave., New Haven 11, Conn.). 
29 Dec. 

Society of Systematic Zoology (R. E. 
Blackwelder, Southern Illinois Univ., Car- 
bondale). 26-30 Dec. 

Tau Beta Pi Assoc. (R. H. Nagel, Univ. 
of Tennessee, Knoxville). 27 Dec. 

United Chapters of Phi Beta Kappa (C. 
Billman, 1811 Q St., NW, Washington, 
D.C.). 29 Dec. 


(See issue of 16 October for comprehensive list) 
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GRASSLANDS 


| Editor: Howard B. Sprague 1959 
6” x 9”, 424 pp., 37 illus., index, cloth. 
Price $9.00, AAAS members’ cash or- 
ders $8.00. AAAS Symposium Volume 
No. 53. 


This volume is intended as a review of 
knowledge on many aspects of grass- 
lands resources. The 44 authors were 
selected by their own professional col- 
leagues as being particularly competent 
to present the respective subjects. 
Thirty-seven papers are arranged under 
these chapter headings: 


1. Sciences in Support of Grassland 
Research 

2. Forage Production 
Humid Regions 


3. Engineering Aspects of Grassland 
Agriculture 


4. Forage Utilization and Related Ani- 
mal Nutrition Problems 


5. Evaluation of the Nutritive Signifi- 
cance of Forages 


6. Grassland Climatology 
7. Ecology of Grasslands 
8. Range Management 


in Temperate 


British Agents: Bailey Bros. & Swinfen, Ltd., 
Hyde House, W. Central Street, 
London, W.C.1 


1515 Mass. Ave., N.W., 
Washington 5, D.C. 


AAAS, 














Get UNITRON's FREE 





Observer's Guide and Catalogon 


ASTRONOMICAL TELESCOPES 


This valuable 38-page book 
is yours for the asking! 


With artificial satellites already launched and space 
travel almost a reality, astrenomy has become today's 
fastest growing hobby. Exploring the skies with a tele- 
scepe is a relaxing diversion for father and son alike. 
UNITRON’s handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both begi and ad d 
emeteurs. 
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THE ONLY 


EXPLOSION-PROOF BLENDOR 
































BLENDOR BASE 


for use in 
HAZARDOUS LOCATIONS 


Wherever hazardous lab atmospheres exist, you can safely 
blend materials at high speed—even on your toughest re- 
search and development projects. This new Waring Labora- 
tory Blendor provides the protection of a 1/5 hp explosion- 
proof GE motor which carries a Class 1—Group D rating. 
Two speed explosion-proof switch also available. 


The Waring explosion-proof base (Model EP-1) accom- 
modates the standard 3714 oz. Pyrex container. Same ca- 
pacity stainless steel container Model SS-510 (pictured) 
comes with lid and stainless steel cutting assembly; meets 
every requirement of the severest lab service. 


Blend fast . . . blend thoroughly . . . blend safely. When 
you invest in a Waring Explosion-Proof Blendor Base, you 
can be sure you have the ultimate in the elimination of 
laboratory fire hazards. 


WARING PRODUCTS CORPORATION 


25 West 43rd St., New York 36, N. Y. 
Subsidiary of Dynamics Corporation of America A 


GENTLEMEN: 


I want full specification data on the new Explosion- 
Proof Waring Laboratory Blendor Base. 





TITLE 





COMPANY 





ADDRESS, 





| 
| 
| 
| 
| NAME 
| 
| 
| 
| 
| 


CITY/ZONE 








My), New WARING LABORATORY 








GLASS ABSORPTION 
CELLS KLETT 


made 
by 





SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 

















Klett Manufacturing Co. 
179 East 87 Street, New York, New York 


























MODEL 
G52 









E 


a 


Large Capacity, Powerful Rotary Shaker 
Precision Built for Continuous Duty 


Variable speeds of 150-350 rpm, with 2” stroke. 
Heavy duty, 5 eccentric shaft stabilizing system. 
Positive, uniform shaking to ALL flasks. 
Continuous, quiet, cool and dependable operation. 
Holds a variety of flasks on 6 removable trays. 
Other model available with reciprocating motion. 


Write for Catalog G52-S030 
NEW BRUNSWICK SCIENTIFIC CO., INC. 


PRECI 








SION LABORATORY APPARA 





TUS 


®.0. BOX 606, NEW BRUNSWICK, NEW JERSEY 
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INTERFERENCE FILTERS 


for isolating narrow spectral bands 





\\\ 











Spectral Range: 340-900 millimicrons 
Peak Transmission: 40% 
Half Peak Width: 8-12myu 
Size: 2” x 2” 


Colorimetry 
Fluorimetry 
Flame Photometry 
also microscopy, photomicrography, microcolorimetry, refractometry, 
polarimetry, light, scattering measurements, and for many other 


applications requiring monochromatic light in the visible, near- 
ultraviolet, and near-infrared range. 


Write for Bulletin #180 to 


PHOTOVOLT CORP. 
95 Madison Avenue New York 16, N.Y. 


INTRODUCING... 


THE IMPROVED 
GALLON-SIZE 


~) WARING 











(MODEL CB-4) 


/ BLENDOR’ 


WITH NEW 
POWER AND 


EXTRAORDINARY 
PERFORMANCE 





Greater motor power, torque 
and amperage, plus an increased 
RPM range make Waring’s new- 
est, large capacity Blendor more 
valuable than ever in the lab. It 
does hundreds of diverse mixing, 








grinding and blending jobs with liquids or solids. Examples: 
macerating plant material, pulping wood fibers, mixing heavy 
paint pigments, and preparing dispersions, emulsions, polymers 
and slurries. And most operations take only seconds ! Of special 
importance is the fact that this improved CB-4 model will not 
overheat over prolonged periods of use. 


NAME YOUR BLENDING PROBLEM. 
Waring engineers will gladly help you solve it. 





CHECK THESE ADVANTAGEOUS SPECIFICATIONS: 








Inertial 
Guidance 
Gyros? 


New 


MITAC 


Gyroscopes! 





From Cenco—developed by MIT and the AC Spark Plug 
Div. of General Motors. For visual demonstration of gyro- 
scopic principles—inertia, precession, nutation, single and 
two degrees of freedom ByTO, automatic pilot or inertial 
uidance, gyro compass, laws of motion. Motor driven. 
Cocaplets with built-in turn table and handbook of experi- 
ments and theory No. 74730 Deluxe Research Model $254.00 


Comeo 


CENTRAL SCIENTIFIC CO. 


A Subsidiary of Cenco Instruments Corporation 
1718M Irving Park Road @ Chicago 13, Illinois 
Nieiate Wareh acon ) 








an N. J. 
Boston Birmingham © Santa Clara ¢ Los Angeles ¢ Tulsa 
Houston @ Toronto @ Montreal e Vancouver @ Ottawa 


30 OCTOBER 1959 





Mixing capacity: One full gallon. 


Revolutions per minute: (free 
running) low 14,000; medium 
17,000; high 19,000. 


Motor: 115 volts—60 cycles—sin- 
gle phase—AC only—15 amps. 
Switch settings: Off, Low, Medi- 
um, High. 

Container: Stainless steel with 
Stainless steel blades and handle 


—two-piececlamp-onsplashcover 
with sealing gasket and stainless 
steel cover for sampling and add- 
ing ingredients. 


Cord: 7 foot—14 gauge. Three 
conductor ground cord with strain 
relief bushing in base. 


Overallheight: 23 inches. 


Weight: 36 Ibs. net. 
Shipping weight 40 Ibs. 




















Underwriters’ Laboratories Approval 

Canadian Standards Association Approved 

NOW AVAILABLE SEPARATELY—37 2 oz. stain- 
less steel container that withstands rough handling. . a. 
For standard Waring Blendor. 4 id 


WARING PRODUCTS CORPORATION 


25 West 43rd St., New York 36, N. Y. A 


Subsidiary of Dynamics Corporation of America 





GENTLEMEN: 


Send me specifications on the improved 
Gallon-Size Waring Laboratory Blendor. 


NAME 





TITLE, 








ADDRESS, 





| 
| 
| 
| 
| 
| 
COMPANY. | 
| 
| 


CITY /ZONE 











$4.50 
fora 
Straight 
Teflon 
Stopcock, 
Size 2A, 
K-81100 


$7.05 for a Laboratory Grade Burette, 
10 ml., K-35178 
Not illustrated— $14.80 for a Separatory 


Funnel with Teflon Stopcock, 
125 ml., K-63353 











Have high prices 
cooled your 
enthusiasm for 
Teflon products? 





Check these low 
KONTES prices! 






















Kontes, the company that 
has made Teflon products 
everyday laboratory items, 
actually saves you money 
3 ways: by lower unit 
prices, by discounts when 
Teflon items are pur- 
chased in quantity, and 
by even greater discounts 
when these items are com- 
bined with your regular 
orders for Kontes Tech- 
nical Glassware. 

Send for free Bulletin 
TP-1 describing Teflon 
Beakers, Burettes, Dishes, 
Stirrer Blades, Gas Col- 
lecting Tubes, Pipettes, 
Chromatographic Col- 
umns, Funnels, Stop- 
cocks, Stoppers. 


rip 


KONTES 
GLASS 
COMPANY 

First Choice For Quality Technical Glassware 


Vineland, New Jersey 


Midwest Distributor: 
Research Apparatus, Inc., Wauconda, Ill. 
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New Products 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Neither Science nor the writer as- 
sumes responsibility for the accuracy of the in- 


formation. All inquiries concerning items listed 
should be addressed to Science, Room 740, 11 
West 42 St., New York 36, N.Y. Include the 


name(s) of the manufacturer(s) and the depart- 
ment number(s). 


™ STANDING-WAVE INDICATOR for meas- 
urement of voltage-standing-wave ratio 
and reflection-coefficient angle operates 
by means of a probe rotating in the 
plane of circular polarization of a wave- 
guide. A low-power broad-band model 
is designed for laboratory applications; 
a high-power, 12-percent bandwidth 
unit operates in the kilowatt and mega- 
watt ranges. Insertion length is 10 in. 
(Polytechnic Research and Develop- 
ment Co., Dept. 155) 


™ MICRODOSIMETER SYSTEM, for meas- 
urement of x-ray and y radiation, is 
composed of a detector and a reader. 
The detector is a cylindrical rod, 1 by 
6 mm, of. silver-activated phosphate 
glass. The reader is a special fluorimeter 
designed to measure change in fluores- 
cence caused in the detector rods by 
high-energy radiation. Range is 10 to 
10,000 rad. (Bausch & Lomb Optical 
Co., Dept. 171) 


™ VOLTMETER measures a-c or d-c volt- 
ages from 1 mv to 1000 v (full scale) 
in 14 ranges, and resistance from 10 
ohm to 10 megohm in 7 decade ranges. 
Accuracy is said to be better than +1 
percent on direct current; +2 percent 
from 20 cy to 100 kcy/sec; and +5 
percent from 10 cy to 1 Mcy/sec. A 
scale-expansion feature permits the 
upper 10 percent or | percent d-c volt- 
age to cover the full meter scale. 
(Southwestern Industrial Electronics 
Co., Dept. 175) 


® AIR OPERATED PUMP, for application 
where electrical power is not available 
or where its use is undesirable, develops 
liquid pressures up to 50,000 Ib/in.? 
(gage) at temperatures up to 500°F. 
Operation requires air at a maximum 
pressure of 100 lb/in.? (gage). Suction 
as well as pressure is provided. Various 
packings are available. (American In- 
strument Co., Dept. 170) 


® REFRIGERATOR-FILTER is designed to 
safeguard pneumatically operated equip- 
ment, in locations where cooling water 
is not available, by removing moisture, 
oil, and contaminants, The unit lowers 
dewpoint to approximately 35°F at 
pressure. Condensed moisture and other 
entrained liquids are removed by filter. 
Capacity is 100 standard ft*/min at 
100 lb/in.* (gage) and 100°F. (Hanki- 
son Corp., Dept. 185) 


™ CONTROLLED RECTIFIER is a three- 
junction silicon device capable of switch- 
ing rapidly (in the order of microsec- 
onds) to a conducting state either when 
a signal is applied to its third (gate) 
terminal or when its critical forward 
breakover voltage is exceeded. After 
firing, the device exhibits forward volt- 
age drop of approximately 1.5 volts at 
25°C. Current ratings are up to 10 amp 
(av.), and inverse-voltage ratings range 
from 20 to 200 volts. Leakage currents 
are 12 ma in both directions. (Inter- 
national Rectifier Corp., Dept. 180) 


® PLASTIC DEFLECTION TESTER indi- 
cates deflection of thermoplastics sub- 
jected to various loads and temperatures 
in accordance with ASTM test D648- 
56. Four samples can be tested simul- 
taneously, deflection being indicated on 
dials mounted on the specimen holders. 
Bath temperature can be increased at 
a rate of 2°C/min from ambient tem- 
perature to 260°C, or it can be main- 
tained constant at any point in this 
range. (American Instrument Co., Dept. 
176) 


™ SAMPLE CHANGER for assay of radio- 
active samples in liquid solution accom- 
modates 50, 5-ml glass or plastic sample 
vials in a circular turntable. Samples 
are grasped for transport by a magnet 
acting on nickel-plated steel vial caps. 
The sample is automatically inserted 
into the well of a shielded scintillation 
detector, counted, and removed to a 
storage rack. Cycling may be continu- 
ous or may be terminated after one, 
two, or three cycles. (Tracerlab-Kele- 
ket, Dept. 177) 


™ DIGITAL TRANSDUCER for process vatri- 
ables employs a mechanical force ampli- 
fier, actuated by standard measuring 
elements, to position the shaft of an 
analog-to-digital converter. Instruments 
are available for pressure ranges to 
10,000 1b/in.*, temperature to 600°F, 
and with mercury- or _ bellows-type 
manometers for applications to liquid 


level or flow. Accuracy is said to be | 


+1.0 percent of span. 
Meter Co., Dept. 179) 


(American 


™ SERVOANALYZER covers the frequency 
erange 0.25 to 100 cy/sec in one model 
and 0.0008 to 100 cy/sec in another. 
Frequency stability is +1.0 percent. Out- 
put waveforms include sine wave (20 
volts peak-to-peak); modulated sine 
wave; square wave (20 volts peak-to- 
peak); trigger pulse. The cathode- 
follower output is provided with a 100- 
to-1 attenuator. Phase is measured 
+180 deg. An internal carrier source 
furnishes 5000 cy/sec. (Aetna Elec- 
tronics Corp., Dept. 184) 

JOSHUA STERN 
National Bureau of Standards, 
Washington, D.C. 
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PERSONNEL PLACEMENT 











CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. Posi- 
tions Open, $33 per inch or fraction 
thereof. No charge for box number. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box Number. Monthly invoices will 
be sent on a charge account basis— 
=— that satisfactory credit is estab- 
ished. 


Single insertion $33.00 per inch 


4 times in 1 year 30.00 per inch 
7 times in 1 year 28.00 per inch 
13 times in 1 year 27.00 per inch 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 














MiMi POSITIONS WANTED iil 


Pharmacologist-Physiologist, married, M.A., 
Ph.D., , certified in internal medicine; age 
44; numerous publications in genera! field of 
cardio-vascular mechanisms and drug action. 
Would like opportunity to set up department in 
medical university and also continue investiga- 
tion program. Broad teaching experience. Box 
229, SCIENCE. 10/30; 11/13 








(a) Ph.D., microbiology major; biochemistry 
minor; public health and food bacteriology ex- 
perience; .(b) Young Biochemist, M.S. degree 
from leading university; 2 years’ experience with 
fermentation procedures and enzyme isolations 
with pharmaceutical firm; prefers research and 
development appointment. Medical Bureau, Inc., 
Burneice Larson, President, 900 North Michigan, 
Chicago. x 





Ph.D., Entomologist-Ecologist desires research 
position. Broad background with 10 years’ experi- 


ence in various phases of entomology. Box 242, 
SCIENCE. x 


lt eOSTTrONS “OPEN ill 


Analytical Chemist. Position in pharmaceutical 
tesearch control group for company producing 
ethical line of veterinary pharmaceutical and 
biological products. Duties include control of 
and assisting in the development of new control 
oe for pharmaceutical products produced 
y the company. Excellent growth opportunity 
for qualified man ees B.S. degree in 
chemistry. Contact Personnel Manager, Jensen- 
Salsbery Laboratories, Inc. (a subsidiary of Vick 
Chemical Company), 2Ist and Penn, Kansas 
City 41, Missouri. 10/30; 11/6 











Assistant Clinical Chemist. Masters’ degree in 
biochemistry or bachelor’s degree in chemistry 
plus experience. Will assist in supervision of 
Clinical chemistry laboratory, performance of 
Special tests, and teaching of students. Accredited 

bed hospital, large eastern city. Box 240, 
SCIENCE. 11/6, 13 





(a) Bacteriologist; requires minimum 5 years’ 


experience; head department, 300-bed voluntary 
general hospital; supervise microbiology, some 
teaching; California coastal resort city. (b) 


Biochemst; head department, 300-bed university- 
afhliated general hospital; midwestern capital 
city. (c) Assistant Chemist; M.S. preferred to 
work with Ph.D. director, perform complicated 
tests, some teaching, research responsibilities; 
very large general hospital affiliated outstanding 
group diagnosticians; to $6600; mideastern col- 


lege city. (d) Pharmacologist; Ph.D. pharma- 
cology experienced experimental pharmacody- 
namics, capable independent gynecological re- 


Search; to $11,000; eastern concern. oodward 
Medical Bureau, Ann Woodward, Director, 185 
North Wabash Avenue, Chicago. x 





Biologist, Histologist, Histochemist, Ph.D. or 
equivalent. Research institute, New York, to 
work in the field of experimental diabetes. 


Box 235, SCIENCE. 
30 OCTOBER 1959 


10/30; 11/6 








Wii: POSITIONS OPEN iil 








I! ~-POSITIONS OPEN fii 





Bacteriologist Technician. Opportunity for tech- 
nician in clinical medicine research for an ethical 
company producing pharmaceutical and biological 
products. Position involves testing and aiding in 
the development of new products in cooperation 
with the research veterinarians. Good growth 
potential for man with B.S. degree in bacteriol- 
ogy. Contact Personnel Manager, Jensen-Salsbery 
Laboratories, Inc. (a subsidiary of Vick Chemical 
Company), 2ist and Penn, Kansas City 41, Mis- 
souri. 10/30; 11/6 





CLINICAL 
RESEARCH 


Prominent Eastern pharma- 


ceutical company desires 
young M.D. — preferably 
board eligible in Internal 


Medicine or Psychiatry — 
capable of establishing and 
monitoring programs in 
therapeutic research. This 
position represents a unique 
opportunity for creativity 
and personal growth within 
the specialty. Additionally, 
it provides ample opportuni- 
ties for travel to important 
conferences and academic 
centers and for association 
with outstanding authorities. 


Ideal suburban living and 
working conditions, excellent 
salary and benefits. Our staff 
is aware of this advertise- 
ment. 


Send curriculum vitae to 


Box 241, SCIENCE 





Herbicides Biologist; Ph.D. (0 to 5 years’ ex- 
perience) to be project leader of laboratory de- 
voted to plant growth-regulatory research with 
primary emphasis on screening and evaluating for 
new herbicides. Plant physiology and/or agronomy 
are desirable major disciplines with biochemistry 
and morphology as minors. Write Research Di- 
rector, Niagara Chemical Division, Middleport, 
New York, for application for employment blank. 

eow 





Bacteriologist. Visiting professor to teach gradu- 
ate course in microbial physiology at Louisiana 
State University, spring, 4 mple salary, 
air-conditioned building. Apply Dr. C. S. McCles- 
key, Bacteriology, Louisiana State University, 
Baton Rouge. 10/30 





Biologist. Replacement for staff member for 1 
year beginning July 1960 at small liberal arts 
college on Northeast coast. To teach comparative 
anatomy, histology, embryology—each for one 
term. Box 238, SCIENCE. x 





CHEMIST— 
ORGANIC 


Well-known Philadelphia pharmaceutical manvu- 
facturer seeks individual with M.S. or equivalent 
with interest in or experience with National Prod- 
ucts (principally alkaloids) and the inter-relation- 
ships of chemistry, botany and pharmacology. 
Evaluation of literature and laboratory data, close 
scientific contact with other members of team and 
organization, as well as foreign and domestic in- 
vestigators. Good written and oral English; foreign 
language not necessary but helpful. Liberal benefit 
program. Send complete resume. 


BOX 233, SCIENCE 





Electron Microscopist, Ph.D. or equivalent. Re- 
search institute, New York, modern well-equipped 
and staffed air-conditioned laboratory. Must have 
adequate training and experience in all phases of 
preparation of tissues and in handling machine. 
Apply Box 231, SCIENCE. 10/23; 30 





New World-Wide Graduate Award Directories 
for American scientists, teachers, librarians to 
subsidize their education and research. Stipends 
$200—$10,000. Volume I (1957), $3; volume II 
(just published, no duplication), $3; both volumes, 
$5. Limited editions. Complete, specific informa- 
tion on 400 awards in United States and overseas 
in each volume. CRUSADE, Sci., Box 99, Station 
G, Brooklyn 22, N.Y. eow 








offers two new appointments: 


1. Bacteriologist or Virologist 


ment work on existing and new products. 


2. Microbiologist (Tissue Culture) 


systems. 


21st and Penn, Kansas City 41, Missouri. 





Jensen-Salsbery Laboratories, Inc., manufacturer of pharmaceutical and biological products, 


Applications are invited from microbiologists with laboratory experience in bacteriology or 
virology. Requirements are a master’s degree or doctorate in a microbiological science and 
several years’ laboratory experience. Experience in immunology and concerntration of blood 
protein factor is desirable but not essential. The successful applicant would assist in super- 
vising the manufacture of immunological products and also carry out research and develop- 


Graduates in microbiology are invited to apply for a position in the tissue culture laboratory. 
Applicants should possess a degree in bacteriology or other biological science and have 
postgraduate experience in microbiology. Experience in tissue culture techniques is desirable 
but not essential. The successful applicant would assist in the manufacture of tissue culture 
virus products and the development of new virus and other vaccines prepared in tissue culture 


These positions are with a rapidly expanding company and offer excellent opportunities for 
personal growth. Initiative and the ability to contribute ideas are essential qualifications for 
these appointments. Apply, giving a concise summary of qualifications and experience, to the 
Personnel Manager, Jensen-Salsbery Laboratories, Inc. (a subsidiary of Vick Chemical Company), 








1205 











iii! POSITIONS OPEN ill 


Experimental Psychology Assistantships. Animal 
studies. Use operant and Pavlovian conditioning 
techniques, treat data, maintain animals, assem- 
ble apparatus. On-job training. Salaries between 
$4000 and $5000. Inquire Chief, Experimental 
Psychology Laboratory, Creedmore Institute for 
Psychologic Studies, Queens Village 27, N.Y. 11/6 











PHARMACEUTICAL DEVELOPMENT 
DIVISION 


of a 


NORTHERN NEW JERSEY 
PHARMACEUTICAL COMPANY 


is seeking ambitious section heads for this 
aggressively expanding department. Key positions 


now open: 

HEAD OF TABLETING AND COATING 
SECTION 

Ph.D. preferred but not essential. Significant 


related practical experience. 


HEAD OF EXPLORATORY 
PHARMACEUTICAL RESEARCH 


Ph.D. essential, preferably in physical chemistry. 
Truly creative man with related experience in 
drug field. Please send detailed résumé in com- 
plete confidence. All replies will be acknowledged. 
Our employees know of this ad. 


Box 239, SCIENCE 





Pharmacologist, Ph.D., and Biochemist, Ph.D. 
Some experience helpral but not essential. Oppor- 
tunities for creative research in growing, phar- 
maceutical laboratory. Close departmental rela- 
tionship with creative chemical group. New 
laboratories to be completed in spring; some 


positions available now. Replies held confidential. 
Send résumés to Research Department, Irwin, 
Neisler & Co., Decatur, Illinois. 11/6 





Postdoctoral Traineeship in Neurophysiology. 
Available for the Ph.D. in physics, biology, bio- 
chemistry or physiology or the M.D. who would 
like to broaden his training and enter research in 
nerve physiology. Stipends from $4500 per year 
and up plus dependent allowance. Facilities avail- 
able for investigation involving mammalian neuro- 
physiology and _ single vertebrate nerve fiber 
analysis. Write G. M. Schoepfle, Department of 
Physiology, Washington University School of 
Medicine, St. Louis 10, Mo. 10/16, 23, 30 





Science Teachers, Librarians, Administrators ur- 
gently needed for positions in many states and 
foreign lands, Monthly non-fee placement journal 
since 1952 gives complete job data, salaries. Mem- 
bers’ qualifications and vacancies listed free. 1 
issue. $1. Yearly (12 issues) membership, $5. 
gs aa SCI., Box 99, Station G, Brooklyn 
“ae, of. ew 





VIROLOGIST 


lf you would like to work with an unusual 
group of biological scientists with unique re- 
sponsibilities in data evaluation and experi- 
mental design. 


If you like the academic atmosphere. 


If you would enjoy working with both labora- 
tory scientists and clinicians. 


If you are thoroughly trained in virology- 
immunology. 


YOU COULD BE THE SCIENTIST WE NEED 
To apply your talents to the many facets of 
an expanding program in vaccines and chemo- 
therapy. 


Send complete résumé to 
L. H. WATSON 
Employment Manager 
SMITH KLINE 
& FRENCH 
LABORATORIES 


1512 Spring Garden St. 
Philadelphia |, Pa. 








mI POSITIONS OPEN |i 





iillll SUPPLIES AND EQUIPMENT jj 





(a) Parasitologst for research with large pharma- 
ceutical firm; biochemistry or nutrition experience 
desirable; $8000- $10,000; Midwest; (b) Physiolo- 
gist for newly created psychopharmacology re- 
search team, California; (c) Bacteriologist, 
Ph.D. or M.S. degree and good clinical experi- 
ence; take charge of active department in 300- 
bed hospital and teach technicians, California 
resort town; (d) Biochemist to initiate and super- 
vise research on animal health products and feed 
medications and prepare new drug _ application 
material; Midwest; (e) Biochemst, Ph.D. degree 
with radioisotope experience for research with 
leading pharmaceutical laboratory, East. $10-5 
Medical Bureau, Inc., Burneice Larson, President, 
900 North Michigan Avenue, Chicago. x 





IOI] FELLOWsrtres: iii 


NATIONAL RESEARCH COUNCIL OF 
CANADA POSTDOCTORATE FELLOWSHIPS, 
1960-61. Approximately 100 fellowships will be 
awarded for 1960-61 by the National Research 
Council. Of these, 40 will be tenable in National 
Research Council laboratories in Ottawa, Sas- 
katoon, and Halifax, 10 in laboratories of the 
Canada Department of Agriculture, located at 
various centers, 10 in laboratories of the Canada 
Department of Mines and Technical Surveys in 
Ottawa and Victoria, 10 in laboratories of Atomic 
Energy of Canada Limited, and 30 in laboratories 
of Canadian universities. 

Applicants should not be more than 35 years 
of age and should possess a Ph.D. degree from 
a recognized university, or expect to obtain such 
a degree before taking up an award. There are 
no restrictions regarding nationality of applicants, 
but successful candidates must meet all Canadian 
immigration requirements. 

The annual stipend, which 
tax, is $3700 for 





is free of income 
single fellows and $4500 for 


male fellows who are married. An allowance 
towards the cost of travel is also paid. 

The fields in which fellowships are available 
in the laboratories of the National Research 


Council, the Department of Agriculture, and the 
Department of Mines and Technical Surveys, 
are described in greater detail in booklets that 
may be obtained on request, together with appli- 
cation forms. Applicants who are interested in 
fellowships in the universities may write directly 
tot these institutions, or to the National Research 


Council for information. The fields of interest 
should be stated in the initial inquiry in order 
that appropriate information may be _ supplied. 


The closing date of the 
February 1960. 

Inquiries should be addressed to Awards Officer, 
National Research Council, Ottawa 2, Canada. X 


competition is 





The Department of Pharmacology, University of 
Buffalo School of Medicine, Buffalo 14, N.Y., 


offers a 4-year program of course work and 


research training leading to the Ph.D. degree. 
Research opportunities include the action of 
drugs on the kidney, the heart and circulation, 


the autonomic ganglia, and smooth and skeletal 
muscle. Annual stipends of $1800 to $2200 plus 
full tuition, plus $500 for each dependent. Appli- 
cations now being considered for entrance 
February or September, 1960. Detailed informa- 
tion supplied on request. xX 


The Market Place 


BOOKS + SERVICES + SUPPLIES +» EQUIPMENT 








DISPLAY: Monthly invoices will be sent on 
a charge account basis—provided that 
satisfactory credit is established. 


$33.00 per inch 
30.00 per inch 
28.00 per inch 
27.00 per inch 


Single insertion 
4 times in 1 year 
7 times in 1 year 
13 times in 1 year 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 














iiill| BOOKS AND MAGAZINES iil 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
eign files you are willing to sell at high mar- 
et prices. Write Dept. NNER’S, Inc. 
Boston 20, Massachusetts 













"From the hand of the veterinarian 
X\ 
; to research”® 


albino rats 
CHARLES RIVER CD 


(Caesarean derived) 
CHARLES RIVER SD 
(Sprague-Dawley descendants) 
CHARLES RIVER W 

(Wistar descendants) 


HYPOPHYSECTOMIZED RATS 


@ Only Charles River CD animals used 


@Rigidly controlled environment 
(same bldg.) birth to surgery. 


@ High speed surgery by graduate biologists, 
@10 years experience animal surgery. 
@ Overnight air service from Boston 


THE CHARLES RIVER BREEDING LABS 


Dept. B, 1093 Beacon Street, Brookline 46, Mass. 
Henry L. Foster, D.V.M., President 













YOU NEED THIS FREE 
CATALOG FOR YOUR FILES 


Serums, antiserums and bloods me 
of all kinds for technicians and tissue J 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St. * MAin 3-5373 * Denver 16, Colo. 














¢ HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
For further information write 
HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, il. 


FREE 








Subscrip- Gas 
tion to AEROGRAPH 
Research Notes, o BM TATNEIYEILI 





on new developments in gas chromatography. We 
offer a complete selection of essential supplies and 
the Aerograph line of GLPC equipment. 
Send for your free subscription today 
WILKENS INSTRUMENT & RESEARCH INC. 
Box 313, Walnut Creek, California 
YEllowstone 5-1469 


MICE 


1L.C.R DESCENDANTS 








cF% 


GREEN HILLS FARM 


Box 381, 


Jeffersonville, New York 
Tel.: 363 












Do You Weed: 
Cellex Cellulose Ion 
Exchangers? 


(For fractionation of proteins, nucleic acids, and enzymes) 
ASK FOR PRICE LIST SCX 


GLUED Lahoratorcs 


32nd & GRIFFIN AVE, » RICHMOND, CALIFORNIA 











SPRAGUE-DAWLEY STRAIN* 
ALBINO RATS 


* Descendants 
Price lists sent on request 


S & K Animal Co. 


Box 479A, Jamesburg, N. J. 
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GET YOUR ADVANCE COPY 
of the General Program of the 
AAAS Chicago Meeting 


by first class mail — early in December 


The General Program of the 126th Meeting of the AAAS in Chicago, 26-31 Dec., 1959, 
will be available to you within the first week in December—whether you can attend the Meeting 
or not. 

Effective this year, the former General Program-Directory, which had become an unwieldy 
book of more than 400 pages, has been separated into two publications, namely: 

a) The Directory of AAAS Officers and Activities, 96 pp., already published; and 
b) The General Program of the Annual Meeting, c. 200 pp., which will appear early in 
December 
Both of these, sold at cost, may be purchased separately—in advance (see coupon below), or at 
the meeting. Some of their respective contents are: 
The General Program The Directory 
1. The two-session general symposium “Moving Frontiers of 1. AAAS officers, staff, committees, for 1959. 


Science IV,” arranged by the Committee on AAAS Meetings. 


+ acti ~ i ¢ ee ® i 3 
Programs of the 18 AAAS sections (symposia and contributed 2. Section committees and other AAAS Council members. 
papers). 3. The 285 affiliated organizations. 
3. Programs of the more than 80 participating societies. 


N 


4. Historical sketch and organization of the Association. 
4. Sessions of the Conference on Scientific Communication, Con- . 


ference on Scientific Manpower, and the Academy Conference. 5. Complete roll of AAAS presidents and their fields. 

5. The Special Sessions: AAAS Address and Reception, National eee ots , 2 " 
Geographic Society, Phi Beta Kappa, Sigma Xi, RESA, Tau 6. Publications of the Association, including all symposium 
Beta Pi Association. volumes. 

6. Details of the Morrison Hotel—center of the Meeting—and 7. AAAS Awards—including all past winners. 


of the other session sites. 


7. Titles of the latest foreign and domestic scientific films to be 8. Future Meetings of the AAAS through 1963. 


shown in the AAAS Science Theatre. 


8. Exhibitors in the 1959 Annual Exposition of Science and , ; 
Industry and descriptions of their exhibits. 10. Constitution and Bylaws. 


9. New and current activities of the AAAS. 


Advance Registration 


Advance registration has these decided advantages: 1) You avoid delay at the Registration Center upon arrival; 2) You re- 
ceive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish to attend; 
3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program; the Directory may also be ordered. 


—THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM— 
(AND FOR THE DIRECTORY, IF ALSO DESIRED) 


la. [ Enclosed is $3.00 for my advance Registration Fee which brings me the General Program, Convention Badge, and all 
privileges of the Meeting. 


Ib. [] Enclosed is $2.00 for only the General Program. (It is understood that, if I should attend the Meeting later, the Badge— 
necessary for the privileges of the Meeting—will be secured for $1.00 more.) 
(Check la or 1b) 


Ic. [] Enclosed is $1.00 for the Directory of AAAS Officers and Activities to be sent now. 
Total amount enclosed $................ 


2 PURE —— 8 1 | i nn enh hr es lsh nee ee Se hee e i. Ce The ee 
Please print or typewrite) (Last) (First) (Initial) 


ACADEMIC. PROFESSIONAL, OR 
BUSINESS CONNECTION 


4. OFFICE OR HOME ADDRESS 


5. FIELD OF INTEREST Be ROR so een Sree 


6. CONVENTION ADDRESS ............. 


(May be added later, after arrival) 
Please mail this Coupon and your check or money order for the total amount to the 


AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 





______ Kodak reports on: 


microfilming brought down to the scientist’s level... the restraining effect 
of our inhibitions ... keeping the columns packed 


Less than a laundry 


Our subsidiary, Recordak Corporation, has recently come 
out with a portable microfilmer that weighs only 24 pounds 
and lists for only $845. If you fail to grasp what this has to 
do with science, we are wracked by ambivalent feelings 
toward you. On the one hand, we feel extra respectful in 
your presence; a mind so obviously unaccustomed to seek 
solace in gadgetry is scarce. At the same time, we want to 
turn you gently toward the light. Certainly you’re not the 
type to.seek your solace in paper-shuffling, but you have to 
prove that, if only to yourself. 

Think for a moment like that fabled monster, the efficiency 
expert. His baleful eye casts about for concentrations of 
paper. When he sees information being extracted from one 
pile of papers for summary on yet another piece of paper, 
his mouth waters. When he sees some poor soul toiling at a 
task that could go undone but for the necessity of preserving 
proof of the finer details, he pounces. Our subsidiary, Recor- 
dak Corporation, watches from the bushes and purrs benevo- 
lently. Get the picture? 

It all began in banks a generation ago, spread to depart- 
ment stores and phone companies, and in the last decade 
has reached enterprises like dry-cleaning establishments, 
dairies, and medical clinics. Now the idea of microfilming 
while summarizing has been brought down to the scientist’s 
level. The Recordak Portable Microfilmer is of the right 
scale in size and cost for work of lesser magnitude (from 
Recordak’s special viewpoint) than getting out the monthly 
statements of a prosperous laundry. 

Documents are fed into the machine face up and returned 
face down in their original sequence. They are freed for other 
use, or they can be dumped and yet remain retrievable. They 
can be up to 12 inches wide and of any length. Reduction 
ratio is 20:1. Forty-six 844” x 11” sheets can be microfilmed 
in a minute, smaller documents proportionally faster. Two 
100-foot rolls of film can be exposed simultaneously to the 
same subject matter. Film units are readily removable so 
that “tone subject” records can be kept separate even though 


This is another advertisement where Eastman Kodak Company 


microfilming be done intermittently. 


Recordak Corporation, 415 Madison Avenue, New York 17, 
N. Y., has a nation-wide chain of branch offices and processing sta- 
tions. It is just possible that your problem will remind the salesman 
of one he solved for the wholesale chicken business and that he will 
take you out and show you how it works there. 


Color for facts, not kicks 


If we wanted to, we could in good conscience call ““S.O. 260” 
the fastest color film ever made. We don’t want to. 

There are other reversal color films you can expose on the 
assumption of an outrageously high index, force-develop, 
and obtain an image out of. All we’re saying is that outrage 
for outrage, ‘‘S.O. 260” loses less in color saturation, maxi- 
mum density, and fineness of grain than others. This advan- 
tage can be so important in data acquisition—flame studies, 
aerodynamic studies, attitudes of informatively painted fly- 
ing objects, for example—that we had better not rely on 
rumor and word of mouth to spread the news of its existence. 

This is not intended for the photo-hobbyist who gets his 
thrills by bragging to his buddies, “I shot this at an Exposure 
Index of 600.’’* Wise or foolish, we dislike to see him sacri- 
fice the potentiality of pictorial excellence instead of contriv- 
ing to put a little more light through his lens. Maybe it’s 
none of our business, but such are our inhibitions. We draw 
to his attention Kodak High Speed Ektachrome Film, Kodak 
Ektachrome Film (Process E-3), Kodak Ektachrome Film 
(Process E-2), and Kodachrome Film, any of which can yield 
him beautiful and impressive transparencies. 

*$.0. 260” currently takes the form of 16mm film with a perfora- 
tion pitch of .3000” in 100’, 200’, and 400’ lengths and 35mm film of 
.1870” perforation pitch in 100’ and 400’ lengths. These are pitches 
for high speed motion picture cameras. If you recognize that and 
have a need for data from color changes (changes, not so much the 
colors themselves) photographed under very unfavorable conditions, 
initiate an inquiry about “\S.O. 260” with Eastman Kodak Company, 
Photorecording Methods Sales Division, Rochester 4, N. Y. You 
will be put in touch with the proper parties. 


They shall trickle! 


Resolved that the chromatographic columns of western 
civilization shall not stand unpacked for lack of capital 
to invest in proper acid- and alkaline-purified cellulose ion- 
exchange adsorbents in full-pound minima, we make you 
this proposition— 

For $2.75, 10 grams of Cellulose-ECTEOLA (Eastman 
7798), useful in fractionation of DNA (J.A.C.S., 80,6223). 

For $4.35, 25 grams of N,N-Diethylaminoethylcellulose 
(“DEAE-cellulose,”” Eastman 7392), another anion ex- 
changer recommended for such use. 

For $2.75, 10 grams of Carboxymethyl Cellulose Ether 
(“CM-cellulose,”” Eastman 7796), a cation exchanger. 

For $9.85, all three. Now you can afford to be a well- 
equipped sport. As ethers they are regenerable, even after 
use with strongly acid or basic solutions. 

Send your order, please. We are waiting. Write to Distillation 
Products Industries, Eastman Organic Chemicals Department, 
Rochester 3, N. Y. (Division of Eastman Kodak Company). This is 
also where you write for a copy of Eastman Organic Chemicals, 


List No. 41, which catalogs some 3700 organic chemicals we have 
on hand. 


*The fastest black-and-white instrumentation film we currently 
recommend for esoteric conditions of short exposure is often 
handled on the basis of an Exposure Index of 1600. It comes in 
16mm, 35mm, and 70mm widths as Kodak Royal-X Pan 
Recording Film, 


Prices are list and subject 
to change without notice, 


(Kodak 


probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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